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- Abstract

Propagation phenomena\of light in sphere were numerically simulated by
using Monte Carlo Method for development of new optical-CT (Computed
Tomography) algorithms. The analyéié model of neonatal brain was imitated
some layelfs such ag‘;skin,rsku]l gray matter and white matter. By changing
the optical charactei‘s" (abéorption coefficient, scattering coefficient) in vivo,
detected optical intensity was investigated how would affect. Moreover, the
simple analysis models of healthy brain and sick bram were simulated. In
analysis models of healthy brain and sick brain, there was difference of optical
intensity between healthy and sick models. This difference is required
information to resolve the inversion problem. Moreover, to examine the effect
on sick size and position, phenomena of light propagation were numerically
simulated. .

In the optical diffusion equation, it anal&zed by performing
non-dimension-ization and light propagation in vivoA was simulated by
non-dimensional optical diffusion equation. Therefore, Each (optical
character, size and time) condition was changed and the inﬁuence of optical

intensity was investigated.
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C MAIN PROGRAM

use dflib
‘use dfport

IMPLICIT REAL*8(A-H,0-Z)

DIMENSION XP(100),YP(100),CP(2),ND(2),XL(3),JMX(30),J1C(30)

DIMENSION XD(30,100),YD(30,100)

R0=5.0

PI=4.D0*DATAN(1.0D0)

init = time(
init = mod(init,10) * 10**int(alog10(real(init))) + (init/10)
OPEN(11, FILE="HAJIME.DAT', STATUS='NEW")

C---Input the scattering coefficient----

aQQ

WRITE®,*)BEAEEATI LTF SV, (0.2 205 2.0 O&iE)'
READ(5,%)AC

WRITE(®,*)"RIREEZ AT LTTFEW. (0.0 2> 0.5 DHFIFE)
READ(5,9AA |
WRITE(6,*)' 3 2 RO EAF LTFE. (999 BLIF)
READ(5,*)NL

WRITE(6,*)'EL5 2 BH T AN LTF &1.(-30000 %5 30000)
READ(5,)RN

C***INITIALIZE THE PEOCESS

AT =AC +AA
CP(1)=0
CP(2) =0

CP1=0
CP2=0
ND(1) =0
ND(2) =0
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C***FIRST POINT OF PHOTON
DO 10 N=1,NL

WRITE(6,*)'N="N
WRITE(11,*)'N="N

C***PATHLENGTH

IC=N-INT(N/6)*6+1
X=-5.0
Y=0.0
Z=0.0

the = 0.0
PHI =0.0
XP(1) =X
YP() =Y
ji=1

RT=0

C*** LOCATION OF DETECTOR
ALF=10.0*PI1/180.0
XL(1) = RO * COS(ALF)
XL(2) = RO * COS(2.0 * ALF)

C ROBELE TOREREL (LB

50 XR =RAN(INIT)
XRO=RAN(INIT)
XR1=RAN(INIT)

R = -LOG(XR) / AT

X1 =X+ R * COS(the)

Y1=Y + R * SIN(the) * COS(PHI)
Z1=7+ R * SIN(the) * SIN(PHI)
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RXY = SQRT(X1*X1 + Y1*Y1)
j=j+1

IF ((RXY .LT. R0O) .AND. (j .LT. 100)) THEN

TANT = 2.0 * SQRT(XRO * (1.0 - XR0)) / (1.0 - 2.0 * XRO0)
the = ATAN(TANT)

IF (the .LT. 0.0) THEN
the = the + PI
PHI=2.0 * PI * XR1

XP() = X1
YPG) =Y1
X=X1
Y=Y1
Z=171
"RT=RT+R

WRITE(6,*) X="X1,Y="Y1,'Z=,Z1
WRITE(11,%) X=',X1,'Y=",Y1,'2="Z1
END IF
GOTO 50
C'----If it is detected, the whole history of the ray is kept on the screen
C'----and the number and energy of detected rays are counted----
ELSE
IF ( .EQ. 100) THEN
XX =X1

YY=Y1
ELSE
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A=X1-X)** 2+ (Y1-Y) ** 2
B=X*{¥1-V)-Y*X1-X)

C = ABS((YI-Y)*B)**2-A*(B**2-R0 ** 2 * (X1-X) **
2)) » |
C WRITE(*,*)'C=",C

XX1=(Y1-Y)*B+SQRT@©)/A
XX2=(Y1-Y)*B-SQRT(E) /A
X12 = (XX1 - X) * (XX1 - X1)

IF (X12 .LT. 0.0) THEN

XX = XX1

ELSE

XX = XX2

END IF
YY=(Y1-V)/X1-X)*XX-X)+Y

END IF

XP() = XX
YP(G) =YY
JMAX =j
RT=RT +R * SQRT(XX - X) ** 2 + (YY - Y) ** 2) / RXY

ENDIF

C***HITTING THE DETECTOR
IF (XX .GT. XL(2)) THEN

NDT=NDT+1
. IF (NDT .GT. 30) STOP
C***CENTRAL DETECTOR
IF (XX .LT. XL(1)) THEN
CP(1) = CP(1) + EXP(-AA * RT)
ND(D)=ND(D)+1
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ELSE
C***SIDE DETECTOR
CP(2) = CP(2) + EXP(-AA * RT)
ND(2) =ND(2) + 1
END IF

CP1=CPQ)
CP2 = CP(2)
C WRITE(*,*)CP1,CP2

JIC(NDT) =IC

JMX(NDT) = JMAX
DO 200 JM = 1,JMAX
XD(NDT, JM) = XP(JM)
YD(NDT, JM) = YP(IM)

200 CONTINUE

WRITE(6,*) 'E1=",CP(1),ND(1),’ E2=',CP(2),ND(2),’ ET=
*CP(1)+CP(2), NDT :

WRITE(11,*) 'E1=",CP(1),ND(1),] E2=",CP(2),ND(2),) ET=,
*CP(1)+CP(2),NDT

END IF
WRITE(*,*) 'ndt=",NDT
WRITE(11,*) 'ndt=",NDT

C ***RESOLT
DO 14J=1,JMAX
XPG) = XX
YP(G) =YY
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14 CONTINUE

WRITE(6,*) CP(1),ND(1),CP(2),ND(2),CP(1)+CP(2)
WRITE(11,*) CP(1),ND(1),CP(2),ND(2),CP(1)+CP(2)

WRITE(6,*) 'X="X1,'Y="Y1,"Z="Z1
WRITE(11,*) 'X=",X1,'Y="Y1,'Z=",Z1
PAUSE |

10 CONTINUE
WRITE(*,*) 'END'
CLOSE(11)
END
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 WEFATRST N

¢ MAIN PROGRAM
use dflib
use dfport

IMPLICIT REAL*8(A-H,0-Z)
DIMENSION XP(4000), YP(4000),CP(2),ND(2), XL(3),JMX(2000)
DIMENSION XD(2000,4000), YD(2000,4000),JIC(2000)

R0=35.0
PI=4.0D0*DATAN(1.0D0)
init = time()
init = mod(init,10) * 10**int(alog10(real(init))) + (init/10)

N1=0
- N2=0
N3=0
Cv=0.226
CV=[mm/ps]
C---Input THE scattering coefficient----

ACO=1.5
AC1=1.5
AC2=0.5
AC3=0.1

'AA0=0.03

AA1=0.02
=0.06

AA3=0.045

WRITE(6,*) 5T B OB EAH LTF S,
READ(S,*)NL
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C***INITIALIZE THE PROCESS

AT0 = ACO + AAO
AT1=ACl + AAl
AT2 =AC2 +AA2
AT3=AC3 +AA3
CP(1)=0
CP2)=0

CP1=0
CP2=0

" ND(1)=0
'ND@2)=0

C1
C***FIRST POINT OF PHOTON
- DO 10 N=1,NL

IC=N-INT(N/6)*6+1
X =-35.0D0
Y=0.0
- Z=00
WRITE(7,*) X,Y,Z

THE = 0.0
PHI=0.0
XP(1)=X
YP(1)=Y
J=0
RT=0
P=1.0

C LOCATION OF DETECTOR
ALF = 10.0* PI/ 180.0
XL(1) = R0 * COS(ALF)



XL(2)=RO * COS(2.0 * ALF)

Cl |
C ROBELE COHERE L ALE
50 AA=AAO
AC=ACO0
AT=AT0

XR =RAN(INIT)
XRO=RAN(INIT)
XR1=RAN(INIT)

R = -LOG(XR) / AT

X1=X+R * COS(THE)

Y1=Y +R * SIN(THE) * COS(PHI)
71 =7+ R * SIN(THE) * SIN(PHI)

RXY = SQRT(X1*X1 +Y1*Y1)
RXYZ = SQRT(X1#X1 + Y1*¥Y1 + Z1*Z1)
J=J+1

ccce HER ccce
IF (RXYZ .GE. 29.0 .AND. RXYZ .LT. 33.0)THEN
AA=AA1
AC=ACl
AT=AT1
END IF

CCCC HE CCCC
IF (RXYZ .LT. 29.0 .AND. RXYZ .GE. 27.0)THEN
AA=AA2
AC=AC2
AT=AT2
END IF
CCCCC KB CCcceecceccee
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IF (RXYZ .LT. 27.0)THEN
AA=AA3

AC=AC3

AT=AT3

END IF

C2
IF (RXYZ .LT. RO) .AND. (J .LT. 4000)) THEN

TANT = 2.0 * SQRT(XRO * (1.0 - XR0)) / (1.0 - 2.0 * XR0)
THE = ATAN(TANT)

IF (THE .LT. 0.0) THEN
THE = THE + P1
PHI=2.0 * P * XR1

XP(J))=X1
YP(H)=Y1
X=Xl
Y=Y1
Z=171
RT=RT+R

END IF

RXYZ = SQRT(X1*X1 + Y1*Y1 + Z1*Z1)
WRITE(7,*) X1,Y1,Z1

| CCCCCC PROBLEM P CCCCCCCC

P=P*EXP(-AA*R)
c WRITE(6,*) 'P='P
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@)

WRITE(6,*) 'AA=' AA

C PAUSE
GOTO 50
C1
c '----If it is detected, THE whole history of THE ray is kept on THE screen
c '----and THE number and energy of detected rays are counted----
C2
ELSE
C #EL 4000 [
IF (J .EQ. 4000) THEN
NI1=N1+1
XX =X1
YY=Y1
772.=171

C BROI~HT- By
ELSE

N2=N2+1
A=(X1-X)** 2+ (Y1-Y)**2
B=X*(Y1-Y)-Y*(Xl-X) ‘
C = ABS(((Y1-Y)*B)**2-A*(B**2-R0 ** 2 * (X1-X) ** 2))

XX1=((Y1-Y)*B+SQRT())/A
XX2=((Y1-Y)*B-SQRI({))/A
X12 = (XX1 - X) * (XX1 - X1)

IF (X12 .LT. 0.0) THEN

XX = XX1

ELSE

XX = XX2

END IF
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YY=(Y1-V)/X1-X)*XX-X)+Y
END IF

XP(J) = XX

YP()=YY

IMAX =J

RT =RT + R * SQRT((XX - X) ** 2 + (YY - Y) ** 2) / RXY

CCCCC 2/13
IF(XP@J) .LE. -34)THEN
N3=N3+1
END IF
C write(*,*)XP(J)
C pausel
END IF
C2
C*¥**HITTING THE DETECTOR
IF (XX .GT. XL(2)) THEN
NDT=NDT + 1
ceeeee2/13
T=RT/CV

WRITE(6,*) 'T=T
IF (NDT .GT. 4000) STOP

C***CENTRAL DETECTOR
| IF (XX .LT. XL(1)) THEN
CP(1) = CP(1) + P
ND(1) = ND(1) + 1
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C***SIDE DETECTOR
ELSE
CP(2) = CP(2) + P
ND(2) = ND(2) + 1

END IF

CP1 =CP(1)

CP2 = CP(2)
JICINDT) =IC
JMX(NDT) = IMAX

DO 200 JM = 1,JMAX |
XD(NDT, JM) = XP(JM
YD(NDT, JM) = YP(IM)
200 CONTINUE

[¢]

WRITE(6,*) 'E1=",CP(1),;ND(1),; E2=,CP(2)ND(2), ET=,
*CP(1}+CP(2),NDT
c PAUSE
END IF
c WRITE(*,*) 'ndt=',NDT

(<]

C ***RESOLT
DO 14 J=1,]MAX
XP(J) = XX
YPQ)=YY
14 CONTINUE

10 CONTINUE
C1
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WRITE(6,*)N1=",N1,'N2="N2-(ND(1)+ND(2))
WRITE(6,*)N3=',N3

WRITE(6,*) CP(1),ND(1),CP(2),ND(2),CP(1)+CP(2),ND(1)+*ND(2)
WRITE(*,*) 'END'

pausell

END
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BRTEIBTRIER T 0 7T A

C*********************************************************************

*

C DIFFUSION EQUATION IN CIRCLE

*

-- Euler explicit method

C*********************************************************************

%*

IMPLICIT REAL*8(A-H,0-7)
10 PARAMETER(NX=100,NY=100)
DIMENSION UNX,NY),UU(NX,NY)
PI=4.D0O*DATAN(1.0D0)
c C=0.226D0

DT=1.D-5
NLAST=1E5

KX=30
KY=30
MX = KX+1
MY = KY+1

DX = 1.D0/(MX-1)
DY = 2.D0*PI/(MY-1)

CCCCCCCCCCCC REAL VALUE CCCCCCCCCCC

RA=1.D0
RYU=0.0D0
RYU1=0.1DO
RD=0.333D0

CCCCCCCCCCCC BARTURLE VALUE CCCCCCCCCCC

=RD/RA
YU=RYU*RA
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A=DT*D
B=YU*DT-1.D0

C*** Initial Condition
DO1J=1MX
DO1K=1MY
UWJ,K) = 0.D0
UU(,K) = 0.D0
1 CONTINUE

CCCCCCCCCeeeeeeeceeceee Time Marching
***CCCCCCCCCCCCCCCCCC

DO 150 N = 1,NLAST
CCCCCCCCCCCCCC UUME START CCCCcCccececcececcececeeceeccee
CCCCCCC Boundary Condition CCCCCCCCCC

cceec #ER 6=0, 2z CCCCC
DO2J=1MX
U(J,D=(U(J,2)+U(J,MY-1))/2.D0
UJ,MY)=U(J,1)
2 CONTINUE

CCCCC gt R=1 -D¢/mn=12 CCCCC
DO 3K=1MY

UMX,K)= -D*(4.D0*UMX-1,K)-UMX-2,K))/(1.D0-3.D0*D/DX)
3 CONTINUE
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CCCCC F.4 0 CCCCC
UZ=0.D0
DO4K=1MY
UZ=UZ+U(2,K)
4 CONTINUE

DO5K=1MY
U(1,K)=UZ/MY
5 CONTINUE

CCCCCCCCCC | cCccceeeeeeecece
c DO 31 K = 19,20
C VRN

IF(N.LE.1E2)THEN

- U(MX,16)=1.D0

ELSEIF(N.GT.1E2)THEN |
UMX,K)= -D*(4.D0*UMX-1,K)-UMX-2,K))/(1.D0-3.D0*D/DX)

ENDIF
C*** Boundary Condition END CCCCCCC
CCCCCCCCCCCCCCC TRUE START CCCCCCccecececeecececece
DO 42 J = 2,MX-1

DO 42 K=2,MY-1

CCCCCCCCCCCC REAL VALUE CCcccccececeee
RYU=0.01DO

CCCCCCCCCCCC BARTURLE VALUE CCCCCCCCCCC
YU=RYU*RA
B=YU*DT-1.DO

CCCCCCCCC FHtrBNEAL
X=DX*FLOAT(J)*DCOS(DY*K)
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Y=DX*FLOATJ)*DSIN(DY*K)
RXY=SQRT( (X+0.5D0)**2+Y**2 )
IF (RXY .LE. 0.4d0 )THEN
=RYU1*RA ‘
B=YU*DT-1.D0
END IF
- CCCCCCCC %&¥efr#nE({r END

RR=dx*float(J-1)
UUW,K)= A%(
1+( UWJ+1,K)-2.D0*UJ,K)+UJ-1,K)
1+( UJ,K+1)-2.D0*UJ,K)+UJ,K-1)
1-B*UJ,K)

42 CONTINUE
DO 45 K =2 MY-1
- DO 45 J =2 MX-1
UWJ,K) = UUJ,K)
45 CONTINUE

150 CONTINUE

CCCCCCCCCCCCCCCCCCCCCOCH*
#*%CCCCCCCCCCCCCCCCCC

OPEN(11, FILE="1.DAT', STATUS='NEW')

DO 101 I=0,KX

DO 101 J=0,KY
X=DX*FLOAT(D)*DCOS(DY*J)

Y=DX*FLOAT(I)*DSIN(DY*J)

WRITE(11,9)X,Y,U(I+1,J+1)
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END



101 CONTINUE

CLOSE(11)

STOP
END
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