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Digital simulation of radioisotope imaging

(1)  On the recognition of a defect in plane source by human observer

T.A. Iinuma, Ph.D. and K. Fukuhisa, B.Sc.

National Institute of Radiological Sciences, Anagawa, Chiba-shi, Japan

Research Code No: 208

Key Words:  Digital simulation, Radioisetope imaging, Human recognition, Defect

Using a digital computer, the radionuclide-image forming process was simulated assuming a defect

in the plane source background and a two-dimensional Gaussian point spread function. Position, size

and depth of the defect was determined randomly by means of uniform randem number. 30 simulated

images containing a defect of various sizes and depths are made generating Poissonian noise and displayed

on the CRT units. 14 persons are asked to see the polaroid photographs of the 30 images and to judge

whether or not there is a defect in the images. From the result of their answer, signial-to-noise ratio was

empirically found as a measure of human detectability of the defect.
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Fig. 1 Configuration of a defect in a simulated
phantom. (Plane Phantom No.1)
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(START

GENERATION OF THE
POINT SPREAD FUNCTION
(2 DIMENSIONAL GAUSSIAN)
GENERATION OF A DEFECT
POSITION, SIZE AND DEPTH
BY UNIFORM RANDOM No.

|
|SYNTHESIS OF PLANE

PHANTOM No.1

(85x85 ELEMENTS)
CONVOLUTION OF POINT
SPREAD FUNCTION WITH
PLANE PHANTOM No.1

I
INTRODUCTION OF
STATISTICAL NOISE BY
POISSON RANDOM No.

/

(s
-

(END

Fig. 2 A block flow chart for a simulation program
of Plane Phantom No. 1.
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SIGMA = 2.0*SIGMA*#*2

1273—C19)

NCENT == (NPHANT + 1)/2

TPSF = 0.0 DEFECT = CSP*0.1*BGK
DO 90 I=1,21 IF(ISIZE. GT. GT. 0) GO TO 21000
11 = 111 DO 1970 1Y = 1, NPHANT
Y =11 DO 1971 IX = 1, NPHANT
DO 91 J=1, 21 SP1(IX) = BGK
JJ=J—11 1971 CONTINUE
X=1J WRITE(1)(SP1(IX), IX=1, NPHANT)
Z = X*%2 4. Y**2 WRITE(30)(SP1(IX), IX=1, NPHANT)
PSF(J,I) = EXP(—Z/SIGMA) 1970 CONTINUE
TPSF = TPSF + PSF(J,1) GO TO 21010
91 CONTINUE 21000 CONTINUE

90 CONTINUE
DO 12 1=1,2l
DO 13 J=1,21
PSF(J,I) = PSF(J,1)/TPSF

K = IPY — (ISIZE + 1)/2
KK = IPY + (ISIZE + 1)/2
L = IPX — (ISIZE + 1)/2

LL = IPX + (ISIZE + 1)/2

13 CONTINUE DO1WIY=1K

12 CONTINUE DO 11 IX = 1, NPHANT
Fig. 3 List of a part of the simulation program: SP1(IX) = BGK
Generating the point spread function as a 11 CONTINUE
WRITE(1)(SP1(IX), IX = 1, NPHANT)
WRITE(30)(SP1(IX), IX = 1, NFHANT)
10 CONTINUE

two-dimensional Gaussian function.

DO 1960 I1=1,4

URAN(I) = RAND 20( JRAND) KL=K+1
1960 CONTINUE KKL = KK — 1
LM=1L+1

IPX = URAN(1)*43.0

IPY = URAN(2)*43.0

IS = URAN(3)*6.0

ISPOT = URAN(4)*5.0 + 1.0
IPX = IPX 4 22

IPY = IPY + 22

IF(IS. EQ. 0) GO TO 20010
IF(IS. EQ. 1)ISIZE = 3
IF(IS. EQ. 1)ISIZE = 3
IF(IS. EQ. 2)ISIZE = 5
IF(IS. EQ. 3)ISIZE = 7
FI(IS. EQ. 4)ISIZE = 9
IF(IS. GE. 5)ISIZE = 11

CSP = COLD*FLOAT(ISPOT)

LLM=LL—1
DO 20 1Y = KL, KKL
DO 21 IX =1, L
SP1(IX) = BGK
21 CONTINUE
DO 22 IX = LM, LLM
SP1(IX) = BGK + DEFECT
92 CONTINUE
DO 23 IX = LL, NPHANT
SP1 (IX) = BGK
23 CONTINUE
WRITE(1)(SP1(IX), IX = 1, NPHANT)
WRITE(30)(SP1(IX), IX = 1, NPHANT)
20 CONTINUE

GO TO 20020

20010 CONTINUE DO 40 1Y = KK, NPHANT
ISIZE == DO 41 IX = 1, NPHANT
CSP = 0.0 SP1(IX) = BGK

20020 CONTINUE 41 CONTINUE
WRITE(1)(SP1(IX), IX = 1, NPHANT)

Fig. 4 List of a part of the simulation program: WRITE(20)(SP1(IX), IX = 1, NPHANT)
Generating a defect position, size and depth 40 CONTIN;JE ’ ’

using uniform random number.
Fig. & List of part of the simulation program:
) Synthesis of Plane Phantom No. 1 using
; - B K A Ze 4 >
20) ik, 4=o—-EEEERESe, Bl E the generated numbers in the program
H208H (URAN (DEURAN (2) ok

DRABOFRLEE (I PXEIPY) b5,

shown in Fig. 4.
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(KL L) DEFE7 v P ADEFEE (S P
1) K—EDHEM (BGK) %A LTHAT
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WiR#he Fig 407 r s athdbhickE
SSIZE) D JEEE (I PX E T PY ) b,
IETEO KIAD R R D B (X FEILL L L L,
YHEIEK EKK) fVvTRBORGAy 2 7
v YL O f2F (SP 1) w—EDFHEH
(BGK) #{CA, KIB#EAE BGK 4 DEFECT
WA T 2R B2 A LTS T — 7 &R T
A A2 fET 5. Fig. 512k % NPHANT %
7 7 ¥V b AORREBCTABIOLA, 85ICEE L.
Fig. 6 1% T4 B L7: Plane Phantom No. 1
& Fig. 30 P S FoBEhEgeEs ©itH T 5.
AR QTR LIED TP S F2ai21 x 21/
FfzdT, CONSP1 (85 21) &\»5EFlic—
ST — 7B Fig. 5 THEAALZ » v b
Lo F=20D5%h, FHO8X2 2D fEE Y i
2, Y HIAEELfT 0>\ TP S FEoifik
HFEMAEETT S MOTRE T~ 7bY s
22 THD 7 v Y P & - F— 2 %8523k, Y
FHEFLITOF -2 bx&hzxboticky, Y
1217 DRRRC > E RN XTI 5 £\ 5 FIR
REETZ Eic X oT, X=11~75, Y=11~75

HAEFEH A RY &M HLE 125

DO 1010 1Y = 21, NPHANT
READ(1)(CONSP 1 (IX, 21), IX = 1,
NPHANT)
DO 1011 IX = 11, 75
SP1(IX) = 0.0
DO 1012 J =1, 21
DO 1013 I =1, 21
X = IX 4 I —11
SP1(IX) = SP1(IX) + CONSP1(IIX, J)*
PSF(1, J)
1013 CONTINUE
1012 CONTINUE
1011 CONTINUE
DO 1014 IX = 1, 10
IXX = I1X + 75
SP1(IX) = CONSP1(IX, 11)
SP1(IXX) = CONSP1(IXX, 11)
1014 CONTINUE
WRITE(3)(SP1(1X), IX = 1, NPHANT)
WRITE(30)(SP1(IX), IX = 1, NPHANT)
DO 1015 MY == 1, 20
NY = MY + 1
DO 1016 IX = 1, NPHANT
CONSPI1(IX, MY) = CONSP1(IX, NY)
1016 CONTINUE
1015 CONTINUE
1010 CONTINUE

Fig. 6 List of part of the simulation program:
Convolution calculation between the point
spread function (Fig.3) and the Plane
Phantom No. 1 (Fig. 5).

DO 70 1Y = 1, NPHANT
READ(3)(SP1(IX), IX = 1, NPHANT)
DO 71 IX = 1, NPHANT
H = SPI(IX)
ISP1(IX) = RAND40(IRAND, H)
SP1(IX) = ISP1(1X)
71 CONTINUE
WRITE(1)(ISP1(1X = 1, NPHANT)
WRITE(30)(SP1(1X), IX = 1, NPHANT)
70 CONTINUE
Fig. 7 List of a part of the simulation program:
Introduction of Poisson noise into the con-
voluted Plane Phantom No. 1.

T e 565 x65= 4,225(xK O EAA ¥ 0IEE
frahs, ChbOERIFBORLET — 7 RS
T4 AT ERS.

Fig. T3B#HB O K7 v v v AEEBAT 5B
BT, Fig.6 0 “IEF " DAanEGERBET — &
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(MEERL) 2BET — 7hbith, FOEBRE
DfEZFHEE (H) L3587 57 vELE7 -
A= (RAND40 (IRAND, H)) i X b,
ET o ¥ VR XRHE T — 7B LU
F 4 A ZIRFFET B, & 2T IRAND il
HETTF -2 L LTHELTEL.

HifE s & LT Plane Phantom No. 1, @Hiifd
BN BEDET — 2B I UOMRENRE TR HET —
ZO3FEIRE T — T REFEIhB.

2—4 YIal-—FwF- Rl GORTEY

Wil & CTORLETHERI NI T — 213 5E%
OHEEE LTEBEERTVB0T, ZRL%R
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SEE ThBH., FE ORA v M EIT64x64=
4,096\ KT, ThH ExgEobLbo& LEHHE
Bo=7 - 220 —5mHIR oo W T bH
5. —J, A4 v 7V VAT 1{TYD 1205
A FORTRAN Cffific& 5385, 5%k
Ao K48l & T G RIC X W BOFRE T

W

WICEHEE L Tm v~ (BEEE ¥ 7013 E) @
BItRic oW Tk xSt vy ia L—7F
y F« RI1{ (ISIZE= 0 OE) wh\T, %
VARACKHET BB ERE L Bic kb L 51
SHBUEZ ET 5008 (FEAED & EOREH
il & e Nt BB D Ri] A B K3 5k (4R
FRordl) o 2 A i,

3. YEal—%wF- -RI RICLBXIEDH
BEHDHIFE

AEIDRc X % KRB AR % b 5 RE R
CHZET S BT, #iie QoAHETELh L%
MoREx, RECKIEY 1 25, XExsE
S EERVYialb—F 4y F RIE®302/EK
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L, CRTEROEIr1 FEEXBI. =D30
BogrEHo NCHELTEE, RIBOKE:
FOBAHHEL TH B2, FofERickik-s%
RIBORHIBR L EH & OBz EZE LIz,
3—1 ¥IalL—Fwv kRl ROBERLLU
BEINY —VRR
Yial=F oy FRIfGIIASy 2 250w
FERLOFHEUE 500, 1003 L0055 7 v b 3
flic2o&, B30=2EH90=21ER L. 30207 » v
b ACETAIIREORGERS (IPX, TPY),

Table 1 A defect configuration in 30 different
Plane Phantom No. 1

center coordinate size of | relative
case of a defect a depth of
S [ [ amy | e | Sk
1| 22 60 | 7x7 | 30%
2 44 25 7x7 | 50
3 46 36 1111 20
4 41 55 3x3 50
5 44 35 9x9 50
6 59 47 5% 5 10
7 57 59 7Tx7 50
8 51 59 3x3 20
9 32 52 3x3 40
10 47 49 11x11 30
11 . | 0 0
12 31 43 | 3x3 40
13 25 23 9x9 20
14 24 51 3%3 30
15 S — 0 0
16 42 25 3x3 10
17 61 33 11x11 30
18 52 29 5x5 10
19 48 46 5X5 50
20 58 26 7Tx7T 10
21 49 37 Ix3 50
22 61 48 9x9 50
3 61 53 7TxT 40
24 55 24| 5x5 20
25 31 35 5X5 40
26 27 41 H5x5 30
7 [ — - 0o | o
2% | 48 38 11x11 | 30
29 43 25 3x3 50
30 | 53 28 | 5x5 50
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i

Fig. 8 CRT display of the Plane Phantom No. 1: Defect is shown by dark spots:
(a) Case number=4, defect size=3x3, and depth=>50%
(b) Case number=7, defect size=7x7, and depth=50%

a

AR O B S MERE 632%  B125

Fig. 9 CRT display of the convoluted Plane Phantom No. 1 corresponding to Fig. 3:

(a) Case number=4 (b) Case number="7

Both images are bird-eye views of angle=70°

KES (EHE) BIUCREEL (Ry2 757
v FEHEEIC 35 %) % Table 1 «'C/ﬁ"i‘. (7~
¥ b & ERBOFEEO HE R wowTi Fig.
1 %#%07) Table 1 Th¥x (ISIZE) 210 0
ARXErEE PR TH D EEFERT
5. Fig. 8 (a) (b)) w3+ 7+ vFAa0OCT
RZFTRE LT Table | @ case no.=4 & 7%
5. bz Fig.8 (a)(b) @7y v b s
LPSF#% @il ET TR EA Ly

Fig.9 (a) (b) i

Fig. 10"¢Z¢‘l'ﬂ[‘ IR e M A ST 3
Ve R I BoGEYRS. ARy
7S5y 1~.—i[-z;,(mm» 1004 7 v + OB T,
(a), (b), (), (d), (e) LU (f) 1%
BOROcase no.=4, 6, 7, 9, 10kBILUI1
XG4, Table 1 a2 b¥ % X 512 case no, =
LWERBEEE R\ METHBD, FhlihrgeT
FiR%E 1 2FATWS, £O 5% no.=7 L10ik

a b—="7
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e f

Fig. 10 CRT display of the final images of PlanePhantom No. 1 which include Poissonian noise
(background count=100): The images are displayed by four brightness levels as follows: above
109, 108-103, 102-98, and 97-92 counts/image cell. Image cells which contain less than 92 counts
are displayed as dark spots.
(a) case number=4 (b) case number=6 (c) case number=7 (d) case number=9 (e) case num-
ber=10 () case number=11 As for relationship between defect configuration and case number,
refer Table 1.
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AARE RSP S M WelE §H12%

Fig. 11 Line printer display of the final simulated phantom images (background count=100) which
are similar to those shown in Fig. 10: The images are displayed by printing various characters
according to the pre-determined 10 count-levels (refer Table 2).

Two different modes of display are made such as “Equi-Area Division”” and ‘‘Equi-Count Divisi-
on’’. The former means that 10 count-levels are determined so that number of image cells are
approximately equal for each level in the simulated phantom having no defect (case number=
11). The latter means that 10 count-levels are equally divided between maximum and minimum
counts in the simulated phantom having no defect (case number=11).

(a) case number=4 “Equi-Area Division’> (b) case number=4 *‘Equi-Count Division”

(¢) case number=7 “Equi-Area Division’’ (d) case number=7 ‘‘Equi-Count Division’

RIBOEFERHIR L 352, no.=61x Fig. 10
(b) %R ST KEBITHTS D, —7,
no.=4 & 9k ofEicH 5, Fig 10 CH 1Bl
Br-it (2—4) Tih~fz2ffo5h, 5B
BED v DRI 0 K o (Tiebb
no, 11) KIR\WTMHFEL {7 b X 5 iamdEld3
RS E 7 v 75 A RIERLTRDI. Tov
~ Lk 1099 7 v b LU AV RCREEE, 103~ 108
A v MERBREE, 98~ 1024 v v b kAR,
92~97:h v v MI/NEEE, 91 v rETIR T S v

7 (B5) THb.
—¥, ALy iab—-F o F-RIBES1 vV
TV VR DEE g — v e LTER LA

% FigllwwR/d. MRicik Fig 10&35 085
foh, no.=4 L TOEERLTHDL. Kok
A (2—4) o FEEHE & SHkE S E oM
A . IS0 RET, BV B
B XFLEED vRARCKIG TS hy v R
Table 2 jz753. Fig. 11 (a) (b) (X no.=4

T, (c¢) (d) 1% no.=7, ¥f (a), (c)
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Table 2 Various characters and corresponding count-
levels used in line printer display of Fig.
11. More than 2 characters means that
these are multi-printed.
(a) ““Equi-Area Division' for a simulated
phantom image (background count=100)
which corresponds to Fig. 11 (a) and (c).

blank Count less than 87

87 — 91

- 92 — 94

—+ 95 — 97

X 98 — 99

X, =— 100 — 102

X, —, 1 103 — 105

X, =, H 106 — 108

X, =, H, O 109 — 112

X, = H, O, 1 more than 113

(b) ““Equi-Count Division’ for a simulated
phantom image (background couat = 100)
which corresponds to Fig. 11 (b) and (d).

blank Count less than 63
— 63 — 70
= 71 — 78
+ 79 — 86
X 87 — 94
X, -— 95 — 102
X, —I 103 — 110
X, =, H 111 — 118
X, =, H, O 119 — 126
X, =, H, O, 1 more than 127

(LR E (equi-area division), (b) (d)
(MR #  (equi-count division) THB. {H
L Fig. 1104 Fig. 8, 9, 100Fh&F— %
Biz o PR CHD 2 L DRI /e T\ 5B &
EREE IR,

3—2 Yzalb-—5Fv F-RIBOFRKICLS
RIAD P

Fig. 10 CRLtviab—Fy F+RIED
Ko e FPERYHEBONCHELTHE, XE
BB EH L S iRt B LTy
HHT el HEOLHFIRDEY & L.
¥, BN S0 BRI 30 O i
(a) REMNR1=2gGFhBddh, Tldelwz
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&, (b)) RERETa—AF - AKy FTHD
Zk, (c¢) RIBEXHABAHTLEORE X L
B v A A THAHZ i ERETS>THRAL,

Table 3. Classification of a defect into three
categories according to its detectability
by human recognition. “Not Detected”’
means all persons can not recognize the
presence of a defect.

“Not Easily Detected’’ means some per-
sons can recogoize the presence of a
defect, but some can not.

“Detected”’ means all persons can recog-
nize the presence of a defect.

Background Count =: 100

defect ) )
e defect depth (%)
“Not Detected”” | 3 x 3 | 10, 20, 20
5x5 |10
3x 3 | 40, 50
“Not Easily 1 ‘
Detected” Ak
Tx7 |10
5% 5 |30, 40, 50
7 %7 |20, 30, 40, 50
“Detected””
9x9 |20, 50

illxl]-, 20, 30

Background Count = 25

Jolect —
e defect depth (%)

3 %3 |10, 20, 30, 40, 50

““Not Detected”
5x5 |10, 20, &

7x7 110
5x5 |40
“Not Easily
Detected”” 9%4d.)20
11x11 | 20
5x5 |50

7x7 |30, 40, 50

“Detected”’
9x9 |50

11x11 | 30




1280—(26)

Background Count = 500

defect
:i:: defect depth (%)

3x3 |10, 20

““Not Detected’’

“Not Easily 3x3 130
Detected”” 5%5 | 10

3x3 |40, 50

5 x5 |20, 30, 40, 50

“Detected” 77 |10, 30, 40, 50

9x9 |20, 50

11x11 | 20, 30

Yial=Fy F+RI{E% No.l1mbk No. 30
¥ CHtA TIEL.

VAR W K B ) & TERE w2 HI%E T X B1%
(“Detected’”) KB DIFAEN TR T ¥ 7o\ & (“Not
Detected’”) ¥s X U'RIROIRIM #3 FihEw Lo T
¥eie B4 (“Not Easily Detected™) o 3 ffid 7
7Y —HEEI R (Table3 2R). FikEic
R (BESFOFEMECHGHRHA) &Rk
BB MIE S LB TR 4BEA L. YOS
Jut Bt “Detected” offt 2 ““Not Detected”
DIFION T & b 4L [[—THh B H3, “Not
Easily Detected” o (§ic o\ TILiif# o HosisiE
A L.

Table 3 TR BW5 & 5 ic FBakarp DK
XX LWLy 2 - 750 v FEHBEO K
Thh, FHIZhBmM A~y 2« 759 v FEH
ERRE RN WRENRHS S B, F AR
ORI B SRE O KFIBER T3
FmrpEoyi4, Table 3 0 “Not Easily Detected’’
DHAT TV —WCADKES LPREELETHLE
2 bhb., FZC Table 3 RS hi- 4D RIg
DB LG S 2 ERINCEBT 52 LA b i
W, FENEFL SN) 2LUTOX 5 cEHKL
1.

S/N=

Volyz - 759 v VEHE(B GK)

CCTPIRAEMNRALP S F EofEhegeliy

HAEZREREQMERE 8315 B125

(Fig. 6 2:18) #Ho/MECHIEL, Btoxc
HEOTREAEDORBOE X DR REYZEEHTD
CRIBEERT DIEOBEERS THB EHEL S,
*ﬁ(BGK)%ﬁﬁy?-fﬁﬁvF%QGﬂ
FUEDOMGTEE) (K7 v Y v ) 1C X DR
4T, ZOfERKEWEIIEO R v R e
B
CZTPOMEIIKRO X dieRd S, KRB L
A S ORIk LS IESHORKBOY X pE
frfi= 1.0 (—7&) THHEL, TOXRBEHL
P S Fic X 2EhRGEHSEfTinotctiskdbh
LRBOBAES % Py 75, AECTHWEP
S FIXH v ARAATHBh 0 Py KO
OEFES B L, oo Py ek LEEBOZ » v b

Table 4. Peak count (P) and signal to noise ratio
(8/N) for various defect sizes and depths
in Plane Phantom No. 1,
(hackground count=100)

Size Depth Peak Count S/N
10 counts | 0.20630>%10= 2.063| 0.206
[ 20 ®20= 4.126| 0.413
3 x 3|30 »x30= 6.189 0.619
40 »*40= 8.252 0.825
50 *50=10.315 1.032
10 counts | 0.47054 % 10= 4.705] 0.471
20 »x20= 9.411] 0.941
5% 5|30 *30=14.116] 1.412
40 »*40=18.822| 1.822
50 _ X50=23.527| 2.353
10 counts | 0.70781»x10= 7.078| 0.703
20 *20=14.156] 1.416
7 X730 *30=21.234] 2.123
40 *40=28.312| 2.831
50 *50=35.391] 3.539
10 counts | (0.86500> 10= 8.650| 0.865
20 *20=17.300] 1.730
9 x 9|30 *30=25.950| 2.595
40 *40=34.600 3.460
50 % 50=43.250| 4.325
10 counts | (.94721 x 10= 9.472| 0.947
20 *20=13.944| 1.894
1111} 30 *30=28.416| 2.842
40 *40=37.888| 3.789
50 *50=47.361] 4.736
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Tig. 12 Signal to noise ratio (S/N) as a function of defect depth(count) and size. Three categories
of defect detectability by human recognition are shown by symbols,
(a) background count=500 (b) background count=100 (c¢) background count==25

O‘“Detected” @ “Not Easily Detected”
in 30 Plane Phantom No. 1)

ATRTBRFAOES GHUE) #F¥F D Lic
IoTPakebhic.

T Py 3RO EE (LS LPSF
(o A5pA[) o FHEFED e XLoTRED
Z Offix LT e,

size size/op P,

3x3 3/2.5=1.2 0.20630
5x%x3 5/2.5= 2.0 0.47054
7x7 7/2.6= 2.8 0.70781
9x9 9/2.5= 3.6 0.86500
11 %11 11/ 2.56= 4.4 0.94721

2T Py BRIBOKE S LP S F OENERAE
OHERHENELL T, okl (sizefop) 2D
T A U i 5.
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