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“NOISE” In Radiographic Images
I Signal-to-Noise Ratio of Bone Radiographic Images, Using a Random Noise
Chart of “Normal’ Type and Comparison of them with those of “Uniform® Type.

by

Eichi Takenaka, M.D.

Department of Radiology (Prof. Dr. Tadashi Miyakawa),
Faculty of Medicine, University of Tokyo, Tokyo, Japan.
Kojiro Kinoshita, Sci. D., Hidehisa Sato and Rokuhiko Kikuchi
Broadcasting Science Research Laboratories, Japan Broadcasting

Corporation, Tokyo, Japan.

Using a random noise chart of “normal” type, just as in “uniform” type in a previous report, are
obtained the signal-to-noise ratios (so-called S/N) and comparison of them with those of “uniform”
type. Results are as follows:

1) The S/N observability curve has a normal distribution,

2) Range of 809, obs. 8/N is 15 dB, but its S/N are narrowly scattered within 2 dB in the lumbar
vertebral body.

3) Widely upset orders, in 80%, obs. S/N between “normal” and “uniform” are found in (6), (12)
and (21).

4) Range of “4" (root mean square value) is 2.0~5.4 dB as like as in “uniform”; 2.0~2.3 dB in the
lumbar vertebral body.

5) Range of 50% obs. S/N is —2.3~12.4 dB; max. in (6) and min. in (12). Negative values are
numbered 3 out of 12 inquiries, but 11 out of 17 in “uniform?.

6) Range of 809 obs. 8/N is 0.5~15.5 dB, but —8.0~-4.4 dB in “uniform”; 0.5~5.0 dB in (6),
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(8), (18) and (12); 5.0~10.0 dB in others; 10.0~15.5 dB in (2) and (16). If corrected for area, length,
periodicity and bilaterality, it lies in the range of 4.7~18 dB, but —2.5~9.6 dB in “uniform”.

7) Regards as 809, obs. S/N difference between “normal” and “uniform”, there are (1), (4), (5),
(16), (20), (21) and (22) over one dB more than 7.0 dB, which is max. difference in standard 809, obs.
S/N in experimental condition; (6), (12) and (14) over one dB less han 5.0 dB, which is min. difference.

8) Range of 999, obs, S/N is 7.6~23.2 db; max. in (16) and min. in (6); 1.7~-15.1 dB in “uni-

form™.

9) Regards as 809, obs. S/N difference between magnification ratio of 0.73 and 0.53, there are (3)and

(18) over one dB more than 2.5 dB, which is the calculated S/N difference in experimental condition;

(20) over one dB less than 2.5 dB.

10) The inguiries of (15), (24) and (25) are undeducible for much worse S/N of the signals; on the

contrary (9) and (11) are so for much better S/N.

11) The higher or lower not physical S/N, but effective S/N, even if corrected for area, length and

periodicity, can we generally conclude, the less or more observable becomes object in ‘‘normal’’ as

well as in “uniform” in clinical radiographic observation.

a) Group with low physical S/N and high effective S/N is less observable as in “uniform™: (4)

and (5).

b) Group with low physical S/N and lower effective S/N is much more observable as in

[}

‘uni-

form®: (8), (9), (11), (12) and (18): (19), (2), (21), and (22), with a few higher effective S/N; on the

contrary, less observable in (6) and (7).

¢) Group with higher physical S/N and higher effective S/IN is most unobservable as in “uniform™:
(2), (15), (16), (17), (24) and (25); on the contrary more observable in (1).
d) Group with high physical S/IN and low effective S/N is observable as in “‘waiforra®: (3) and

(23).

Where integrals in parventheses are implied numbers of inquiries, listed on Table II.
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725507 observable S/N, 80% observable S/N,
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Fig. 1. The Observed Views of the Lumbar
vertebral Body And the Femur, Masked by
Two-dimensional Random Chart.

1.2 o masked.
2,3, 45 O iminations of random chasl AL aaF, 4RIF, 1R 5 And 2igda.
b %
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Fig. 2a A Random Noise Chart of Normal Type.
a) Normal distribution
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p = mean value
¢ = root mean square value
b) A random noise chart of normal type
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Fig. 2b How to Make up a Random Noise Chart
of “Normal*’ Type.

a) The T or 10 in decimal is 0111 or 1010 in
binary system; these figures correspond to
0421 or 8020 in decimal numerals.

b) Paper reflection of 807, 409, 202, and 5%
correspond to 8,4,2,1 and () in the set order:
In upper enclosure, f 25, 409, 2095 and 109
to 0421.

c) Affixed paper with each refiection.

TR-—ERF TR AR L T~ te. B~ S Ss i he
ST AECEN0MERT107 BIiY, 2 HEP:T(1010)
Llebhh, blofcsicT 5 mit 80%, 5
%, 20%, 5%) *HO X34t 3oL
T~ DTHE (Fig. 1), ZHAT AL Vi
2 A

BB LBl oM Gt X b & IEES A
DOFMRBVA, EHEINE W, EREOKE I
BLpRAE £ 7 i R o E o — 0 o B
W, RFY - T AT A VOEEHIT60ME <60
fEs11 X 1lem? DR EEDOEP A2V — v 1oy
ALC5, v 0.5/mTéHhs.
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a) S/N o5

(S/N) =10 logm-_;—s—
n

=10 Iﬂgln—i%t— +10 logy, il—
2

.......... ( I )
b) MBS , £ 1 X BHMIE
(S/N)g = 10 logwAJ:%- +(S/N)
o, e ( ]I )
(SN = 10 logioa/ L +(5/N)
........ ( I[ :)
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HOLPERAOEAR oL &, HAFAY
DB EHEEATA FOBD A, “—F D0
T O iRk Table I o4 L A% Table 1
OHIPAP T S/N-observability s % hE il
209% observable S/N +80% observable S/N o

Table I Illumination Ratio of Bone Slide
to a Random Noise Slide of ¢ Normal

3] Type_
“~_ Illumination of bone |

- slide 8 Ix | 14 Ix
| Mag. Mag. |
Tllumination of ratio (. 73| ratio 0,55
‘random noise slide |

; 23.5 1x | —a 67&15[—:2-:.“2"&-&}3‘@
! 58.75 —8.65+ | —6.224 i
117.5 ~ —11. 66 ~ ;—9‘23” :
235.0 » :;1 66 |—12.247 |

WAoo T, EEXET\55E, WS F v
— bz kb SN 0EZHATA Fo {%%0.730
EEEEATA VO MLE 1L k281x (IFHD,
30 Ix (——kp) THH, HFEATA FOBEBL L
“IEM ok 23.5 Ix~ 235 Ix
“—FETokE 3 Ix~18 Ix
THO, MFA7 A FOFEELRE
“TFH" DL E 0.24%
“—frorkx 35%
BOCEIZ R A OFMEx oL x, “—" &
CTEHEERA LI Z0HERL O SIN OE X
(1) b

B A e 23RS H26% 105

4 (S,/ N) = (S,I'r N)N‘o.—mal S (Sf N) uniform
=41, Sy —dA(Ng oIy)
=101log 8x—10log 0.24x
(23.5~ 235)
— {10 log 30x—10 log 35 x
(3~18)}

41, S, =-—5.77dB

A(Ng oI,)=12.7~10.5dB
A(S/N)=7~5dB

b FHR" DLz —H"orEly, £
Eadlb DEOHRT T~5 dB SN 2L igoT
b,

§ 3. EREH

BS54 FEHERIA FOBRBZE & KES
(Table I)

ERFEEIF _@FOMITHL.  —HE " T
359 & SFHERE L B\ DT Yy Neutral fllter
AL, ¢ IER” BENERR.24% LKW
OTEREHEHAEY, Bofy =¥ —kKx
E#F %A Yoy Yus Yo Neutral filter TZAL S ¢
DT, A7V —vEOBRET—ETHS.

EEOHLRL, M T v — O/ B
OHR Db, BT v — FoBERL RN
AR oF, LT =¥ —
DOZALFEH T S/N-observability fhi & i & 154 % 7o
MILIIMFEATA FolLE, F#AT4 FOBES
X3 Table I 81x, 141x E 7 5. MiIKkFITE
XKBZANJCHTHLOTHS .

EXREATA YV BRERO AMEHES, B
He, KERE4 Kodak AA TXHEEE 70kVp,
KEFEM 100mA, FEE 7 4 v AMEEERE 100cm,
1.5secift, Konidol 20° 543BL{& o |, Fuji 35
m/m Fine Grain Positive Film iz, Konidol £EfH
FABLERNE T20°C 2 S D4 TR L.

HEOMEE 5 11IxEIF.

FARE D IZE 5 ¥ LD-1-A JETEAE Rt

FATA FOREORNE ; +1 B 2508 <
FRTZADPA—F—, 10pxX1007 =+, FH
FEEE14/ 3 mu/5y , HCHEE 140/ 3 mn/4y
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Fig. 3 16. S/N Observability Curve With Density
Curve of the Bone Concerned And Its Radio-

@raph.
Y-axis: Distribution of affirmative answer (%).
X-axis: Signal-to-noise ratio (dB).
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Fig. 3. (1) Can You Find out the Hypophyseal
Fossa ?
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Fig. 4. (3) Can You Find out the Posterior Clinoid
Process ?
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*
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° 5 5 95 1 s/N dB
Fig. 5 (4) Can You Find out the Suture at the
Pterion ?
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Fig. 6 (5) Can You Find out the Groove for the
Anterior Division of the Middle Meningeal

Vessels ?
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Fig. 7 (6) Can You Find out the Alveolarity of
the Mastoid Air Cells ?
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Fig. 8 (7) Can You Find out the Sphenoid Sinus ?
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Fig. 9 (13) Can You Find out the Border Bet-

ween the Compact And the Spongy Bone in
the Middle of the Shaft of the Femur ?
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Fig. 10 (16) Can You Find out the Trabecular
Structure Above the Condylar Potion ?
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Fig. 11 (17) Can You Find out the Trabecular
of Structure at the Condylar Portion. Hidden
by the Patella ?
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Fig. 12 (19) Can You Notice the Contour of the
2nd Lumbar Vertebral Body ?
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Fig. 13 (20) Can You Find out the Intervetebral
Space Between the First And the Second
Lumbar Vertebral body ?
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Fig. 14 (21) Can You Find out the Pedicle ?

992 observable S/N (50% obs. SN+ 34) %3k
Wic (LVFARIZT50% obs.,80% obs.,99%obs,
L),

CIERT O%E L —B LR eRIE A T L
5 %z, fiEE i S/N % Effective S/N L
LTRLT.

FEEHE AT S SN o FHERILE 13
DD THA.
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Fig. 15 (22) Can You Find out the Transverse
Process ?
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Fig. 16 (23) Can You Find out the Superior
Articular Process ?

(Fig.18)
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dBCHn. “—HE” Tidoix 1.3, 2.9, 3.4dB
%% (Fig.3, Fig.4). _

@EHEE, OPEMEBIHIROER (Fig. 5,
Fig. 6) Wi&ILHIIERT D80 %obs. 13.8dB, 6.5dB
T —fE Lo &2 —3)OEEY v 1dB Lk
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DO AT RO LSRR o\ T (Fig. 8)
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N—fpE" Lo EH LoZER 6.2dB, 6.3dB T
#Eh e, S/N obs. #ifid ®d Fi~ 7 Y FA,

L. ¢ XDOHLRKRIEN, DOLH
—fEREE~T L.
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4—2) K@EEIc2vT (Fig. 19)

Q@KERE o\ T

80%obs. ® 4dB 3®F.EMHE, ©LH, ®B
EHicoEFE . SN TH5H. ¢ O 5.4dB14IH
A kTHAH. “—HE" & IEB" LDz 2.5
dB (3EEHERE L B D TEY . ZORRTRD
DO E@OHRTHS . KEREEE OBTHIAR
BT, BHMIC= v 7 A P, HERRE
DBIRTHA S .

BOEEE L iE G BCH L BIHD) oI
2T (Fig. 9)

& 1280 %obs. 13 8.9dB, 9.5dB, g% 3.9dB,
4.2dB TR L& BENTL . “—fk" L
CIER Y i 6.4dB, 4.3dB (R EROTTH
PRENDP.

BHEFEF D80 obs. X 2.8dB T, FHIELT
} 6.6dB TE\NTA-—-FTH5B. “—" LF
—{HETH5 .
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BRFN4242 1 F25H

Lo EERE o (Fig. 10, Fig. 11)

GEIHEBE N E ETLHSLMEETET, &
ST 1, 15% observable {27 % »T80% obs,
IeERD B, B@D 80%obs. 1 Fk415.5
dB, 9.7dBTHiFZ KA THS. “—f" & “IF
B Lo 9.4B THRIKRTHS . BRME
T IEBL” OFHHEHICS/N 9L 785 .

4—3) E-E#EICDOT (Fig. 20)

YRR O & & OREE =& v — D TI250
% obs.i1. extrapolate |iz%%, “ IE#l” CTIiFig.
2070 < S/N-obs. {ifit >~ 7 v ¥4 &, LS
¢, olx 2.0~2.3dR, 80% obs.i3 6.6 dB~8.6
dB NTH 5. ZITHER P KBEF & R0cRic
5.

C—BET Ok ¥ @ EBEZER & o
o CHTET T, 80% obs, TQ@HEFTEHS 14.0dB
T|RETH D, D\ T@Ri%ER, QHER TR 480
% obs.2311.8dB, 11.3dBTHB. “—fE” LD
ETIOHESE11.5dB LEETHD, Foft
@By 9.2dB, @HERIA 8.2dBTHB.
—kR " TIHIIE L TH S/Nik Bl ED Tt
CIEH T TIREIE S SN Ree|mw IS —7
L Twb (Fig. 15).

OHeEDOTE “ —FE 7 TI280%o0bs. Tx &3k
Lhindeotont, “IEHR 7 TlRWRERE ok (Fig
12).

QHERNIIEAR L WHE ozt & &, SN
obs. it =, 80% obs. T 0.7dB L psitisisys.
ik oMEOEE T 27T &L LT H5 0T,
HET=A7 LIRER A B & en L Bbh
. HEREPL S Epxtc b &, “—" TIIE
Ll (Fig. 13).

QHESRIL—kR" DL &, WIELTH, 80%
obs. {X— 2.5dB Lif{K7iodcpl, “F#H” 0k
&b, MERTOMT 6.6dB & BHE BT 2@
OFTILIRIETH D HMll & T, “—4E”
&R L DFE1L.AdB R eBER SrhRE T
H5 (Fig. 14).

QS HEF DB BT 2\NT

MEZ~A7LIWEETY, 46%, 55% L

1327

RZ3, 50%0bs. ig L3RDd By,

@B o\ TS o & ¥, %%0.75, 0.55
T observability § KM, #HEFEZ~AZL
7o & & @ observability {—EHC{E T LT 5.

BFL “ —H " T@oS S L h REEL 7eoT
W,

4—5) ERFRAVERZREEER & OXItL

BZE B XoCHM, BX, @i, BEE
MG ST X VB E, RN HEL L0
O[] CPhysical S/N%HIFE L, Effective S/N
wRDI.

4 —5 —a) Physical S/NHE <, Effective S/N
AT AR

Z ik pterion ofilCO@ERE, @
JMIETE IR O R R U, ERIROC S LB,
bR CLEETES .

4 —5—b) Physical S/N»& <, Effective S/N
AHER RS O

C of@LFER, GEES, QKBREWHMAE
BELE\. @LFE, OXBEME 3 SN 2L
FTECEhIs. Rz o THEL S,
C—iR” LRAKRTHS . OFLOAREGRKEOETE
TS LEN-. ® & —4” T3, Effective
SNz HIEEE 20 7=23%, 1F#Hl i3 Physical $/N,
Effective S/N & $ 25 ZH BPi(E THB. @
@ Physical S/N, Effective S/N 3t“ —fE " “Cix
FRLREAS, “IER” Tk beRED 7/ v — 7
E35.

Ykiz Physical SN, Effective S/N x4 fr{irT
BELH Ok, OHSHETH Y, Physical S/N
DI C Effective S/N i@ THEL S W
D2, OBk, QEHERL THD.
Effective S/N 239\ & B2oTh a) DOG
FEEL L, NEROBRMER S L@ L v
b a) TETHEELTE®S S . BB
5 hboODASN “ —Hk ” Tix Physical S/N
3 Effective 3/N 4, & 3 1ic{Eho70.

4-—5—c) Physical S/N 23 fIxfay iz &<,
Effective S/N {CHIEE his\ 2%, flokiE L
b DL EHIPT, SN oFE & ClEFAT &
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&, HHT S/IN B i o

©OVASE D BREE CH T b0TH
H, Z05bOE@OAPEFFET X S/N 25
T ECHETRER o, BR@TEFEOTHG
ZE@L, thbixfMhb L. fFLOT
BEEOHFERBE LS. Chbil“—#" 1
BiT5 EFAKTHS.

4 —5—d) Physical S/Npi <, Effective S/N
CHIEShiTwy, MOFMELELLDL D
¢ S/N TlEFA e & & MR SN 2E
VwHo

® t o aREEERR, @ RBEEERE, GFRE
LHEE L DB ENZIB L, OB LLBEILE
LAV, Bixrhigd BE i, fill 4 “—
Hrolxizy SIN nEind, HIThs.
XE—FR” TI@ix o) Kok y, “EH"T
13c) d) OFfETHB.

Effective SN % R iz 0 3Gt TS/N
THEF T e & ZHRHNES/N o o 13EEER
RICZE LEEL , ZSIN pEV: DI BELF
L, b)) hbHE L TR, ®& @i Physical
S/N Effective S/N & H{E<, LabBEZELE
DT, oSS, JOMESLSBENLS Lh
e\, Jfc Effective SN 235 < CEIZ LHR- 3
DO TRAEHEOHFETSHS. ® @ O »WkdIZ
ULIEWSDTH B, FOMMEH T 500D
@ps, “—fE” X vz Effective S/N pES
V. @R X0 i Effective S/N 3
By, @@L —#k " X b MY Effective S/N
ARRE . @E B Effective S/N 11 1dB 3
HEhitwht, @BELSL, G0l Lk
. ZH0%5Lofitiebh, —i e SN
OEENEBN L BEOMS L IAIL T D &\
z5.

4—6) “ER" & —#H” L0MEBEHDOEE
E3[ES

a) 80% obs. o\ Tk BHEE ik AHBIRYER
0.692 (10% &k C AHEZE), KEEHE TIX0.89
(5 %ATE) BT 0.957 (5 ¥AEX), &
RELT 0.697 (1 %EEE) Th5.

BB S B e: 3kRE 5264 B10%

.99 Normal Probability Fuper

3dB
3 dB ]

0l

O —————7—= 7 3 4 6
- I aB

Fig. 17 The Statistical Distribution of Maxi-
mum to Minimum Signal-to-Noise Ratio for
the Gth Inquiry, When Using a Random
Chart ot Normal Type,

“IEBL” © SN %xifili, “—4E” o S/N Zyii
Eh7uy, b ETBEE,

YOX,Z X3 % [\

y= 0.657x—4.16
XITX$ 3 B y O EUFER O M b o JTE 6 o FEHE (R £
132.44dB, [ERRBOMEETEL X, 0.175C H
%

b) Effective 807 obs. iz TxHZER TIx
HEBIGRE 0.835 (5 %A EE) KitE, BEHTIx
BRELGH., &FL LTH0.71 U%EEE T
» 3.y OF KT 5 ERTEIT

y=0.54x—2.03
THy, x5y OEFEROE H ORIEE
OEMERZE T 2.13 dB, BRI O Skt
0.14TH b, HBIREL, EURERREOE b OEEIE(R
7=, IR OFEAERRZE L 41280 %obs. LI E ¢
Lo T\w5,

c) 99% obs. Tix&fk & LT 0.645
T (U%EEL »55 HBES, KER, BEfc
DUz & 2 EEM .
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Fig. 18 The S/N-Observability Curve About the Skull, When Using a Random

Chart of Normal Type,

d) “a” %, IREEH2IcLEDE0Y obs.
DET DTN HBI A R .

§5 # F

FXG L FEHERN RS CfElls h
7z Random noise chart % A 7 ) — v ic T H#Y
L TS/N %% L, S/N-observability i oo
Rz EH~, FHo—FES 7T IRandom noise
chart DR & G L.

EBA AR F v — b & & S/N-ob-
servability Mgy, “—E" 0l X b b FH
DAEN. “TER” &~ oEROE L
L ORBENBOBEMELR LS DT, Fhb
DREEZNE, HHRERSMEMES v — b
TRWIEL &b, —BOEEMS v — T,
Bigl L XFRBreoVwTIRATE S EBih
%

5—1) BEBICONWT (1~613FAFAF
DfEHR0.73, WHX81x THA. Fig.18, Table
111)

1 WEsR S EeTco\T S/N-obs. hiio
A Z 2 FD380% obs.dFTC11dB TH S .
R LFETHB.

2. 1 0FFIECH»SCOAERE, ©LH
1, QUETZEIR (& IR B IR o FEE & 2830).
@BERE, OTEEEOELE, @ b 2R
i, OTEGEOHMOERFTSHS. “—HE” &
ER@O®DIEF1E>T 5,

3. ¢k 2.4~ 3.5dB TOR@ROGIL ZiF,
FA—T&FL LT~ I "5 vF24 L,

S/N obs. g IR E LT\ 5. “—kE" ¢ TF
B BT

4. 50%obs. 3@ 2.3dBofaflithbh, @
2% 0.4dBL oTES , @ 9.2dB CRETH
5.

5. 80%obs. Tix®®375 0.5dB, 2.5dB 7% 0
BT, 6.5~11.2dB NThHs. @ TELE
OF LI 2dBTE, C—EE " R R X,
HB{ CRIET 5 &, @FEEH 18dB Tlm, &
*@ﬂtﬁﬁ'@&?ﬁlﬂﬁmﬁﬁﬂi 13.8dB k Ziw o <.

£ & oMHBMRBULS/N HHERT 0.692 (10
/éﬁ.%\%) WMIEHT 0.835 (5 %FiEH) <Tdh
5.

6. 99% obs. Bl (x4 3¢) obs. # L5 L,
WIEROETO®MRETI 12 7.6dB TH b,
@D16.7dB BFETH L. “—" L0 Z3E
@@niFK % 0.6, 3.2,4.7dB A WFThbh, @
®D1ak4 0.5, 9.1, 8.3dB tEDRKX\FH
ThA. “—E" & OB o,

7. W BATA VD ERE RPLE & Rx
0.55, 14lx L Lick &, @OABELHL feoT
VB L R TRALTRE L fe o T A,
MBI, CoLEfEEoWA X4k L 8lxp
ki, Bl% Physical S/N ¢ 2.5dB &< o
T5 . ERORER 2.5dB i2i5En H© M-
ny, (BRHEE S/N %) £ 1.6~ 3.6dB T,
&A% 1.6dB, @233.6dB TH b, fliix 2.4~ 3.3
dB NTHh 5.

8  80%o0bs. T “EMR " ©S/N &2 —3nhi
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Toific M—R LD L & 7~5dB i “—fE " X
DRICIeD. 480% obs. D “IER” & “—fE”
DEX LD L, OHFEHEH 1.1dBLED, O@
@k 4 8.3, 8.4, 9.1dB kX {ioTL
L. BB “IEH " Ch @1t A REEL 7sb
7, OCOIORO® LT X h R oo
AV

5--2) kBB (conT (Fig.19, Table I1I)

(1~613F A7 4 Fo%#0.73, H5 S8l
OEETHA).

1. JUER S EIFie o\ Tid S/N-obs. Ehgg D
235 Y F OI1L80 %obs. D A THI12 . 5dBTH B .

“—ff " oFH 8.5dB T VR0 N TH
%,

2. = DIFIFEE80%obs. @A TEWHHBE
@UOB®GTHYH, “—H" LHEB@DHEAR
hbhoT\%,

3, ¢ % 3.3~5.4dB T H 5. @ﬁ{m}g H
5.4dB Cffiix 3.3~ 4.4dB TH b, FEMEL
FEE LHE RS KER . “—HE " LM
e,

4, 50%pobs. (3@, BBHEEOZ— 0.5
dB, — 0.9dBDAfETH v, hic/HBETHS.

5, 80%obs.i1@@pik 41z 4dB, 2,8dB T
HY, GO GhegiE L iEon) OFEiG
3k 410dB iz, O o BREEIX15.5
dB TH b, fEmoS/N v % . Physical SN T
“—fE LB B D ( 0.855T5 BEEE).

Effective S/N T BT e\,

6. 99%obs T@@ ok «12.3dB, 15,7dB& [
HE, 16.8~23.2dB CHAZEEE X vifhd L.
@23.2dB \30RH THSH. L “TLER O
#i11@7» 3.4dB, ®72312.8dB, THBH. “—fE"
& OB R

7. BAFAVOWLE LEELEL 14 1x,
0.55 &nxfcd &, BREEZER (2.54B) X h @A

1dBELETHot. “—H” Tix@@s 1dB L
ERThote. “—FE" Lol PR,

8. 80%obs. T “EH " SN, [—E(L)E
DLE, 2-3)offc“—fFE” X 5~7dB T
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Fig. 19. The S/N-Observability Curve About the Femur, When Using a Random

Chart of Normal Type,

Table IV Comparison of Some Observable Signal-to-Noise Ratios by the use of a Random Noise
Chart of *“ Normal’” Type with Those of a Random Noise Chart of ¢ Uniform ™ Type.

““Normal * type “ Uniform ™" type
I. Range ol 80%obs. ’ I
| "S/N of all inquiries 15 dB 1.5 dB
i (The Skull) (11 =~ ) (11 »)
(The femur) (12,5~ ) (8.5~)
| (The Lv.b. 2 #) 8 »)
; 2. Upset oders, between ‘‘normal’’ and ‘ uniform 6, 12, 21.
! 3. e 2.0— 5.4 dB 2.0— 4.6 dB
i (The skull) (2.4—35~) (1.3—3.6~) (1, min,)
I (The Femur) (3.3— 5.4~ ) (12, max.) (2.0— 4.6~ ) (14, max)
f (The Lv.b.) . ( 2.0— 2.3) (19, 21 min.) ( 1.9— 3.7~ ) (Extrapolated)
| 4. 50% obs. S/N — 2.3—-0.4dB 6, 18, 12, 8. — 8.0—— 3.0 dB 2(1, 080, 18, 5,22,
), &V,
3.8— 6.7 » Others. — 3.0— 0.5 » Others,
) 9.0—-12.4 » 2, 16. 1.3— 4.4 » 14, 2, 16.
| Negative__ialue 3/19 1117
| 75.809 obs. S/N 0.5— 5.0 dB 6 (min.), §8,18,12 — 4.9—— 1.0 dB 21 (min.) , 8,
22, 5.
5.0-~10.0 » Others. — 1.0— 5.0 » Otheas.
10.0-15.5 » 2, 16. o 5.0— 6.0 » 2,14,16 (max.).
Corrected 80% 4.7— 8.0 dB 6 (min.),12, 8, — 2.56— 2.0 » 1 (rmn) 8, 7,
obs. S/N !
8.0-15.0 » Others. 2.0— 6.0 » Othms
I 15.0--18.0 » 1,16, 4 (max.). 6.0— 9.6 » 16, 1, 4(max.)
6. 992 ohs. SN 7.6—10.0 dB 6 8. 1.7-72.0 dB 8(nmn ), 5,22,
10.0.-18.0 ~ Others 3.0—10.0 « Others
18.0--23.2 ~ 14, 16 (max.) 10.0—15.1 ~ 3, 2,16,14 (max.)
7. £09% obs. SN 2.5+ 1.0 dB > 3, 18. 2.2+ 1.0 dB >1? 14,
difference between mag-
nification 0.55 and 0.75 2.56— 1.0 » > 2.0, | 2.2— 1.0 » >0
8.H809/ oi:b;s S/N 7.041.0dB > 1, 4, 5, 16, 20, 2122, 21 (max.), 22.
difference between ¢ : )
normal’’ and ‘‘uniform 5.0— 1.0 » > 6 (min.),12,
above range (1.1) ~4.3~9.4~- (11.5) dB
9. Uncalculated 9, 10, 11, 15, 24, 25, ‘ 9, 10, 11, 15, 17, 18, 24, 25,

Integrals are implied No. of inquiries.
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% )
100 ’32;? B
=
a0} L~ /
P
601
Magnification ratio af bone slide 0.73
[lumination of » 8lx
40t w o« random chart variable
(Normal type)
20t
0 75 3 75 0 S dB

Fig. 20 The S/N-Observability Curve About the 2nd Lumbar Vertebral Body, When
Using a Random Chart of Normal Type.

Table V' Correlation Between Some Observable Signal-to-Noise Ratios by a Random Noise
Chart of *“Normal " Type and Those of a Random Neise Chart of ““Uniform* Type.

| 80%o0bservable S/N

Effective 802 ‘

observable S/N 99% observabe S|/N

Correlation coefficient

about all the bone 0.697

0.71 J 0.645

Regression line y = 0.657x—4. 16

y =0.54 x—2.03 y = 0,685 x—2.72

Standard deviation of

gression coefficient !

y to x around regres- +2. 44 4-2.13 +3.20
sionsline
Standrad error of re- + 0.175 +0.14 +0.21

y © Signal-to-noise ratio in a random noise chart of normal type.

X & " " ” LA 4 ” ”

x : 19 significant.

H%. OFFERE » 9.4dB T1dB PUEK, @
T 2.5 dB T 1dB Ll /) Th 5.
5—3) Iz DT (Fig.20, Table III)
(1~61EA71 FOf%ER0.73, BI5 S 81x
OBETHB).

1, WER 4o T S/N-obs. HHifftd -~
YoMt 2dB TtHh, “—"DrED 8
dB LB LIEHC .

2. ZOIEFFII80%0bs. DT, EWH2H@
HSH, O, @fRe, O, B LBz
BThHy, “—H 0L tAKTHS.

3. 0% 2.0~ 2.3dB TH b, KEEE, HZE
FEHENDERLATVERI, “—HET DL
& MBI

4, 50%obs. it 4.9~ 6.7dBCH B, “—iE"”

”

#” " "

DL EIFEALEET—8~ 0.3dB ThHA.

5. 80%obs.i3 6.6~ 3.6dBTH h @ BRIz
ErfEmo SN ¢ 8.6dB Th B, “—iE" o
L& LA RS REOERY “ 1 7 L LT
& OmFEkCcHilET 5 &, @11.3dB, (914dB,
@ 9.0dB, @11.8dB Xr7c% .

Ceef T ol E LR @RESIRG b & Rk
S/N t72% . Physical S/N T “——f " LHHBIAH
5 (0.9751 %AE%E). Effective SN T “ —.
B HEET .

6. 99%0bs.1310.9~13.3dBTH b, “—fE”
L@ RS DOS/N ThoH., “—H” & “IE.
M 0FEX@H 3.4dB, @#310.1dB TH S .

7. BASAFD MWL E L FREY 4 14lx,
0.55& Mzt & &, Q@HEMIZET1380%0bs. T 0.7
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dB Lpnfinbinus. “—fF 7 MBI Iny.

8, BERECSOWTIXESTL L T0% LR
Ziew . FA0T L oTtE R, “C—fE T Tir@
DI .

9. 80%o0bs. T “IEHL " © S/N pi[Al—BILE D
L&, 23)OffIc—E" X 5~7dB K&
7th . @H11,5dB, @ps 9.2dB, @ 8.2dB L
fihd, CoOfFEZT Y 1dB LlEkThS.

5—4) BEFRIVERZRIZER & OXTHt

5-—4 —a) Physical S/Np &<, Effective S/N
Db O, DONZITE L, BRIV
Pterion DL CIXBZELEEL, “—&” TLH
HThs.

5-—4 —b) Physical S/N3ME <, Effective S/N
DA ECS O, EB@IHELH\. €O
WESIN pMET E CEH R WA EREE L. 2
DIL“—fR" LA THD. HFLODIXBZE Lk
V. @ Effective S/N 13 ¢ —#E " X b
K<, “IF# " T3 Effective S/N, Physical S/N
HHETHD. @b “ —h " Tix Effective SN,
physical S/N FLrpfir 72y, “ IFH " CllR{Eo 7
N—7Th5.

e B3 % (920@@i% Effective S/N 35052
mht, C—RR T TIE®@ir & KER k.

5-—4 —c) Physical S/N pHE%icE <, S/N
HWELBILO% 9T SN THFHT 2 &
HER TS/ NOFE L D

QR GBDAD & o BRHEET BEL B
W @ik “IEBL Y T Effective S/N § 2z £
{ind, NENIEEBZELEL v, OBBiZEL
G, ik —FR " LERTHS.

4 -—5 —d) Physical S/NpHE A ICE L, S/N
ZRHIE L b D¥4D TSN CEEATS &,
HREICS/N DfEV-b 0, @@ 2B LEZEL
Zons, BErhizEBELEL v, “—i”
ERRISEATH S .

Effective SN % 3kbdEicd Db HHT SN T
MR ic & &, S/N O b O LEEL,
SIN DfE - DIBZELE . PFL ®@ ik S/N
AEVOCHELEL, QDB —#”

HARE #icgi i aik 552658 108

L2 SN @, BE@OOHETIX SN ©
BELBEOmS b lnoT 5 .

§6 # @

B XK L BEIERS RS F v — v 2 &
BT SN RHEL, HEHAI—En i
HFY—rorh L.

S/N-observability HR&RIIE B MR Tt
AR L TH D, 50% obs. S/N,80%0bs. S/N,
g, 99% obs. SIN (x+ 3 )% HiL, £, ME,
RRIIRE S e & CRIEMER B L, —ERoO- M
F¥ — P RBEL, HEBYBIRE R — i
HMEF Y — b THRALRATESD LBIhS.

(1~6I1XEAF A FOf520.73, BIS 2 §lx
DEGETH D).

1, £HEHER2\WTS/N-obs. fifgn-* 7 v 0
M380% obs. T 15dB =, “—§E” L=
RRTHD. JEHET > Tk 2 dBTHRS THl .

(“—F&” T128dB). KEF T "IER” 0F
M 4dB RTH5. BHFEF TIAER .

2. S/N-obs. it >80% obs. @ 5 TS/NoEL~
FinDAENINEF T, “—HF” LHREFLLRER
HDREOFLEN, OKEEEWHE, aiSRT
HH, BT ERES. X3LUTFTHS.

3. ol% 2.0~ 5.4dB ¢, @, BESHE, OF
PO LRE 0 ¥ipt4dB P ETHB . “—iR” &
O HBE L.

4. 50%p0bs. 13@BGHMAETH Y, ®LFEH
b 0.4dB KL, GEFMLE2.4dB, @THEKE
FEROFHR 9.2dB g <, filk 3.8~ 6.7dB T
HDH, “—F7 CRHEAPIEB »AMET Ho
fra

5. 80% obs. 1% 0.5~15.5dB ® 0.5, @
2.5, ® 2.8, @4dB €L, @11.2dB, @
15.5dB 23 <, fild5~10dB LINTH 5. @D
@LLst Effective S/N4, Physical S/N 4, “ —ff "
ERZEIN, “—BE” T3 — 4.9~ 6.1dB J§T
boH. “—hk” LOMEBIT 0.697 (1 %HEEZE)
T#H D, Effective 80% obs. T0.71 (1 YEEE
THDH.

6. 99%obs.i% 7.6~23.2dBC, ®@H' 7.6dB
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TRIETH h, 15dBL Liz@®@E R HiE»23.2,
16.8dB, BWHE PH L BIHE & 0Bins 17.3, 18.5
dB riE <, O\ T@15.7dB ©16.7dB TH % .
“—FE" TIX 1.7~ 15.1dB THBH. “—iE" &
OB 0.645 (1 BHEEE) TH5.

7. BATAVOfERLES X%0.55, 14lx &
Lick &, BEHE S/N 239 1dBP XA L0
13, @ b2l 3.6dB, @ 3.7dB ¢T5H
H, 1dB BLEANen b 0@ cHrs. “—
B T1dB EKich5d 01l @@THDH, 1dB
PlEpNe Db ordiou. “—” 2HEIT L.

8, 80%obs. THUTFH” & “—fE " LH~5B &
Bz 7dB X b 1dBLLEEI 8 dBLL E&ENH 5

9.2dBcH b, FHEZESdABL b 1dB L) EEI%H 4
dB LIPY D27 DI @FLRHH 1.14B, @TIHIE
2.5dB 0ZTH 5,

9. SINpEFTETCHETERLDIXEATH
D, SIN AETECTHETER S DIIOBABIS
EOBEMETHS.

10, “—4E" & “IEH " & © BRI % #AX
fo. HEZET80%0bs. W HEBIBIRA B v, [ER ik
flixyw “TEB” 0 SN, x T “—fE" o SN &
Th&

y= 0.657x—4.16

TH5.
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11. BRFRRYERZRIZER & DXILL

@ Physical S/N WK< Effective SN ¢E\»
bO@ONZBLBELE . “—& " TL[
ERTH 5.

® Physical S/N p\{E< , Effective S/Nypitfskt
B0, @RROON 2 BL HEL 5
V. QD@L FFETHS . HLBER —B
DEE LY Effective SIN i3E. @@Lz
&S B

(© Physical S/Np RIS <, Effective S/N
RO\ DL ED SN T JHFHT =& i
RANZ SN OFEVL 0, OBEODRSIIBIZEL
B, OUBELE. “—R " LRERoHERT
H5b.

@ Physical S/N AT EL, c) ki
Effective SIND{EV 4 0, @@ZBE LB\,
BT EBELEL e, “—ig” LREEDO
EHETHhHs.

Effective SN i\ i O3 E2E Lk < , Effe-
ctive S/N DB $ DIXRELH. @D DRk
LB,

IO 13 5 173 @ H R EA o 2 M
KRR Lz, (BML04EI1A20H) MM F 2 ot
NE#HBCRET 5 & AN EL TG T 512 4 D
BB 4 FFoCF & 2 o i M BEHE N FUK JERETF SRR ~ £,
FURCAE o e ORI R M B S R L . W
WO SRR B B I v A R B o
EFHEoMEIC E #@le ki T,

EELR Xfos () &R
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