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Bone Density Measurement System Adopting

Computerized Tomography

Joon Heo

Department of Electronics Engineering,Graduate School.

Pukvong National University.

Abstract

Recently, adult disease is increasing rapidly as the dietary life is
westernized. Especially entering an aging society, osteoporosis is increasing
rapidly.

Osteoporosis is a silent progressive disease that results in fracture in
nearly 1 out of 2 women and 1 out of 6 men. The majority of these
fractures occur in post-menopausal women, secondary osteoporosis affects
men and women of all ages.

There are two kind of method for measurement of osteoporosis. One is a
method using ultra sonic transducer, the other is a method using X-ray.
The method using X-ray is got more accurate data than the other one.
However, it is not easy to get an anatomical position or mutual
relationship among measured points from the X-ray image obtained from
the existing medical appliances.

In this paper, a new bone densitometer adopting the principle of the
CT(Computerized Tomography) is designed. The designed bone
densitometer acquires 270 plane images rotating around the bone at one
degree interval, from which Voxel values are reconstructed. Voxels are
three-dimensional and contain the values of bone density.

In the designed bone densitometer, X-rays with two different energy
levels are shot two times to obtain one plane image. Offset values given
by trabecular bone, cortical bone and tissue are eliminated. According,
more accurate image that could not get with the existing bone
densitometers are extracted.
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x=AX+BY+C

y=DX+EY+F (4-10)
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X=(ax+by+c)/(px+qy+r)

Y=(dxt+ey+f)/(px+qy+r) (4-11)
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x=(AX+BY+C)/(PX+QY+R)

y:(DX+EY+F)/(PX+QY+R) (4-12)
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zo y0 1
W2
cos§ —sinf O
(X Y Wl= [z y 1]|sinf cos® 0 (4-16)
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1-a . 2719 W&
/forward mapping method

void CtransDoc::Expan(float SCALE_X, float SCALE_Y)
{

int i,j,v_bnd,x_bnd;

int xs = 256/2;

int ys = 256/2:

for(i=0;1<256:1++) //initialize
for(j=0;3<256;)++)
m_ResultlmglilG] = 0

for(i=—vsi<ys;i++)
{
for(j=-xsj<xs:j++)
{
v_bnd = SCALE_Y*1;
x_bnd = SCALE_Xx*j;
//mapping the value on range from -256/2 to 256/2
if((y_bnd>=-vys)&&(y_bnd<ys)
&&(x_bnd>=-xs)&&(x_bnd<xs))

m._Resultimgly_bnd+ys)[x_bnd+xs] =

H

m_OpenImgli+ys)lj+xsk

1-b . A7lo] W3

//reverse mapping method
void CtransDoc::InverseMap(float SCALE_X, float SCALE_Y)
{

__35_



int 1,j,y_bnd,x_bnd;
int xs = 256/2;
int ys = 256/2;

for(i=0;1<256:i++) //initialize
for(j=0;j<256;)++)
m_ResultImglilljl = 0

for(i=—ys;i<ys:I++)
{
for(j=—xs; j<xsij++)
{
if(i>0) y_bnd =i/SCALE_Y + 0.5
else v_bnd =1I/SCALE_Y -0.5;
if(G>0) x_bnd =j/SCALE_X +0.5;
else x_bnd =j/SCALE_X -0.5;

//mapping the value on range from -256/2 to 256/2
if((y_bnd>=-vs)&&(y_bnd<ys)
&&(x_bnd>=-xs)&&(x_bnd<xs))
m_Resultlmgli+yslj+xs] =
m_OpenImg[y_bnd+ysl[x_bnd+xs];

else m_Resultimgli+yslj+xs] = 0;

1-c . 9% W3k

//RERGE olEste T
void CtransDoc::Move(int X_axis, int Y_axis)
{

int 1,j,bufl,buf?;

float x,¥,p,q;

int xs = 256/2;

V36,



int ys = 256/2;
int data;
for(i=-ys:i<ys;i++)
{
for(j=—xs;)<xs;]++)
{

v =i-Y_axis; //inverse

x=j-X_axis;

if(y>0)bufl = vy, //positive

else bufl = v-1; //negative

if(x>0)buf2 = x; //positive
else buf?2 = x-1; //megative

g = y-bufl;

p = x-buf2;

if((bufl>-vs)&&(bufl <ys)&&(buf2>=-xs)&&(buf2<xs))
data = (1.0-@)*((1.0-p)*m_OpenImg[bufl+ys][buf2+xs]
+p*m_Openlmglbufl+ys][buf2+1+xs])
+q*((1.0-p)*m_OpenImg[buf1+1+ys][buf2+xs]
+p*m_OpenImg[bufl~1+ys][buf2+1+xs]);
else
data = 0;
//if the data is beyond to the range
if(data<0) data =0;
//if the value of data is lower than zero
if(data>255) data = 2b5;
//if the value of data is higher than 255
m_Resultlmg[i+ys][j+xs] = data;

//store the value into image_out

1-d . 3|das

/98 B4E A=

void CtransDoc::Rotation(float angle)
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int i,j,bufl,buf2; //declaration
float x,y,p,qs;
double r;

float c,s;

int Xs

it ys

256/2;

= 256/2;

int data;

= angle*3.141592/180.0; //radian value

It

r
¢ = cos(r);
s = sinlr);

//cosine value
//sine value

for(i=-vys; 1<ys;i++)

{
for(j =
{

XS <X )

V=jESTI*CS

X=]*C-1%8,;

if(y>0)bufl=y; //positive

else bufl = v-1; //negative

if(x>0)buf2 = x; //positive

else buf2 = x-1; //negative

g=y~bufl,

p=x-bufZ;

if((bufl>-ys)&&(bufl <ys)&&(buf2>=-xs)&&(buf2<xs))

data=(1.0-q)*((1.0-p)*m_Openlmg[bufl +ys][buf2+xs]
+p*m_Openlmg[bufl +ys][buf2+1+xs])
+q*((1.0-p)*m_Openlmg[bufl +1+ys][buf2+xs]
+p*m_Openlmg[bufl+1+ys][buf2+1+xs]);

else
data = O;
if(data<0) data = 0;
if(data>255) data = 255;
m_Resultlmgli+vs][j+xs] = data;

1
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1-d . Affin M3
//Adxre] Bxgk Weg st g (Affin HE )
void CtransDoctAffin(float deg float zx, float zy, float px, float py)
{
int 1,j,bufl,buf2 //declaration
float x,v,u,v,p,qs
double T1;
float c,s;
int xs = 256/2;
int ys = 256/2;

int data;

r = deg+3.141592/180.0; //radian value
c=cos(r) //cosine value
s=sin(r) //sine value

for(i=-vys; i<ys;i++)
{
for(j=—xs:;j<xs;jt+)
{
v =1-pys
//the value of v is to subtract the value of position
movement
//from output position
u = ]7pxs
//the value of u is to subtract the value of position
movement
//from output position
y=(uxs + v*c)/zy; //divided by expansion ratio
x=(u*c - v*s)/zX;

if(y>0)bufl = vy; //positive
else bufl = v-1; //negative
if(x>0)buf2 = x; //positive
else buf2 = x-1; //negative

q = y-bufl;



p = x-bufZ;
if((bufl>-ys)&&(bufl <ys)&&(buf2>=-xs)&&(buf2<xs))

data = (1.0-@)*((1.0-p)*m_Openlmg[bufl+vs] [buf2+xs]
+p+*m_OpenImg[buf1+ys]{buf2+1+xs]
+q*((1.0-p)*m_Openlmg[bufl+1+ys] [buf2+xs]
+p*m_Openlmg(bufl+1+ys][buf2+1+xs]);

else

data = 0;
if(data<0)

data = 0;
if(data>255)

data = 255;

m_ResultImgli+vsl[j+xs] = data;
//store the data in image_out

void CtransDoc:: Trans3D(float zx float zy,float p_x,float p_y.float p_z,float
rot_x,
float rot_v.float rot_zfloat view,float screen)

int Lj,bufl,bufs; //declaration
float x,v,w.p,q;

float k[9):

int xs = 256/2;

int vs = 256/2;

int data:

//compute the parameter value
float mal4l[4], mbl4][4], mc[41[4], k1, k2, k3, k4, k5, k6, K7, k8, k9;
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double u,v;

//rotation degree on X,y.Z axis
u = rot_x*3.141592/180.0;

v = rot_y*3.141592/180.0;

w = rot_z*3.141592/180.0;

//namalization matrix
mal0l[0] = 1.0/xs; mal0l[1] = 0; mal0l[2] = 0 mal0][3] = 0;

mal11[0] = 0; mal1l[1] = -1.0/xs; ma[1l[2] = 0; mal1][3] = 0;
mal2][0] = 0; mal2l[1] = 0; mal2]{2] = L mal2][3] = 0:
mal3][0] = 0; mal31(1] = 0; mal31[2] = 0; mal3)(3] = L;

//matrix for expansion and contraction

mbl0][0] = zx; mbl01{1] = O:mb[0][2] =0 mbl0][3] = O
mb[11[0] = 0: mb(1][1] = zy: mb[1][2] = 0: mb[1][3] = 0
mbl[21[0] = 0; mbl2](1] = 0; mb[2)(2] = 1; mb[2][3] = O;
mbl31[0] = mbl3][1] = 0; mb[3][2] = 0; mb[3](3] = L
Matrix(ma,mb,mc);

11

//matrix for shift

mal0][0] = 1; mal0l[1] = 0; mal0](2] = 0; mal0}[3] = O;
mal11[0] = 0; mal1){1] = 1; mal1l[2] = 0; ma[lli3] = O
mal2][0] = 0; mal2l[1] = 0; ma[2][2] = 1; mal2][3} = O

mal3][0] = p_x; mal3l{1] = p_y; mal3][2] = p_z mal31[3] = 1;
Matrix(me,ma,mb);

//matrix for rotation on z axis

me[01[0] = cos(w): mclOl[1] = sin(w); mcl01[2] = 0; mc[O0][3] = O;
me[110] = -sin(w); mc[11[(1] = cos(w); mel1](2] = 0 mcl11[3] = 0;
mel21[01 = 0; mel2][1] = 0; mel2][2] = 1S mcl2](3] = 0;

mel31[0] = 0; me[3]1] = 0; mc[3](2] = 0: mc[3](3} = 1:
Matrix(mb,me,ma);

//matrix for rotation on X axis
mb[01[0] = 1; mbl0][1] = O: mbl01[2] = 0; mbl0][3] = 0;
mb[11[0] = 0: mbl1][1] = cos(w); mb[1][2] = sin(u); mbl11[3] = 0O;

_4];



mb[21[0] = 0; mb[2][1] = —sin(u); mbl2][2] = cos(u): mbl21[3] = 0;
mb[31[0] = 0; mb[3][1] = 0: mb(3][2] = O: mb[3][3] = 1i

Matrix(ma,mb,mc);

Il

//matrix for rotation on y axis

mal0l[0] = cos(v); mal0l[1] = 0; mal0][2] = sin(v); mal0][3] = O;
mal11[0] = 0; mal1][1] = 1; mal1]{2] = 0; mallll3] = O;

mal210] = —sin(v); mal2][1] = 0; mal2][2] = cos(v); mal2][3] = 0;
mal3][0] = 0; mal3][1] = 0; mal3][2] = 0; mal3](3] = L.

Matrix(mc,ma,mb);

I

//matrix to change view point
mel0l[0] = 1; mcl0l[1] = 0; mcl[0][2] = 0; mc[0][3] = O

mel11[0] = 0; me[1111] = 1; mcl1][2] = 0; mc[1][3) = O;
mel21[0] = 0; mc[2][1] = 0; mel[2][2] = -1; mc[2][3] = O;
mel3110] = 0; me[3)[1] = 0; mel31[2] = view; mc[31[3] = 1;
Matrix(mb,mc,ma);

"

//matrix for perspect transform

mbl[01[0] = 1; mbl0}[1] = 0; mbl0][2] = O: mbl0][3] = O;
mb[11[0] = 0; mb[1][1] = 1; mb[1][2] = 0; mb[1){3} = O
mbl21[0] = 0; mb[2][1] = 0; mbl2][2) = 1/screen; mbl[2][3] = 1/screen;

mb[3][0] = 0; mb[3][1] = 0; mb[3][2] = -1; mb[3][3] = 1:

Matrix(ma,mb,mc);

//normaization matrix

mal0ll0] = xs; mal0l[1] = 0; mal0][2] = 0; mal0][3] = O
mal11[0] = 0; ma[1l[1] = -xs; mal1l[2] = 0; mallll3] = 0;
mal2][0] = 0; ma[2][1] = 0; maf2](2] = 1: mal2][3] = O;
mal3][0] = 0; mal3][1] = 0; mal3][2] = 0; mal3][3] = L;
Matrix(mc,ma,mb);

I

//normaization matrix
mal0[0] = xs; mal0l[1] = 0; mal0][2] = 0; mal0](3] = O:
mal1[0] = 0; mal1][1] = -xs; mal1][2] = 0; mal1][3] = O;



I

mal2][0] = 0; mal2][1] = 0; mal2l[2] = 1. mal2][3] = O
mal3][0] = 0; mal3][1] =0; mal3][2] = 0; mal3][3] = 1

Matrix(mc,ma,mb);

It

k1 = mbl[0][3]; k2 = mb[1]{3]; k3 = mb[3]1[3];
k4 = mb[0][0]; k5 = mb[1][0}; k6 = mbl[3][0];
k7 = mb[0][1]; k8 = mb[1][1}; k9 = mbl3]J[1];
k[0] = k7*k2 - k8+kl; k[1] = kb*kl - kd=kZ; k(2] = k4*k8 - k7+xkb;
k[3] = k8*k3 - kO9=k2; k[6] = k9xkl - Kk7*k3; k[4] = kb6*xk2 - kb*k3;

k[7] = kd4xk3 - k6%kl; k[5] = kb*k9 - k&k6; k[8] = k7+k6 - k4*k9;

for(i=-vys; 1<ys;i++)
{
for(j=-xs; j<xs3j*++)
{
w = k[0]%] + k[1]*%i + k[2];

x = k[31%) + k4]« + k[5);
y = kl6]%] + k[7]+xi + Kk[8);
X = X/W;

v = y/ws
if(v>0) bufl = y; else bufl = y-1;
if(x>0) buf2 = x; else buf2 = x-1;
q = y-bufl;
p = x-bufZ;
if((bufl >-vs)&&(bufl <ys)&&(buf2>-xs)&&(buf2<xs))
data = (1.0-q)*((1.0-p)*m_Openlmg[bufl +
ys][buf2+xs]
+ p*m_Openlmg[bufl + ysl{buf2 + 1 + xs])
+ g*((1.0-p)*m_Openlmg[bufl+1+ysl[buf2+xs]
+p*m_Openlmg[bufl+1+ysl[buf2+1+xs]);
else
data = 0;

if(data<0) data =0;
if(data >255) data = 255;
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m_Resultlmg[i+ysij+xs] = data;

/A Ee] ¥& Addste T
void CtransDoc::Matrix(float mall{4], float mb[1[4], float mc[l[4])
{
int Ljk;
float p;
for(i=0;1<4;1++)
{
for(3=0;j<4:j++)
{
p=0;
for(k=0;k<4;k++) p=p+mali][k}*mblk]{];
//multiplication

mclillj] = p:
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3. 2239

#include <vclh>
#pragma hdrstop
#include <stdio.h>
#include "bdComm.h”
#include "Main.h”
#include "XCT.h"

#include "error.h”

TCommThread *Comm;// = new TCommThread(false);

#pragma package(smart_init)

__fastcallTCommThread:: TCommThread (boolCreateSuspended):
TThread(CreateSuspended)

{
Prioritv = tpLower;
hCom = NULL;
fCnt = FALSE;

__fastcall TCommThread::”TCommThread()
{
CloseConnection();

}

void __ fastcall TCommThread::Execute()

{

/2 ed e do et A At Eole HOlHE ¢V
st Hoh

DWORD dwEvtMask, dwlLength, dwTotLen;
OVERLAPPED os;

dwTotLen = 0;

memset(&os,0,sizeof (OVERLAPPED));
os.hEvent=CreateEvent(NULL, TRUE, FALSE, NULL);
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if(os.hEvent == NULL)
{
Application- >MessageBox
("Failed to create event for thread!”,”"Com
Error!” ,MB_ICONEXCLAMATIONlMB_OK) ;
return ;//(FALSE);

if(1SetCommMask (hCom,EV_RXCHAR))
{
//AfsMessageBox("CommWatchProc Exit 3nd if");
Application- >MessageBox( "CommWatchProcExit3nd
if" "ComError” MB_ICONEXCLAMATIONIMB_OK );
return ;//(FALSE):

while(fCnt)

dwEvtMask = 0;
WaitCommEvent(hCom,&dwEvtMask,NULL);
/ol 87t ol oW 7A] 7

if((dwEvtMask &EV_RXCHAR) == EV_RXCHAR)
{
//HlolEl7F E0) S
do

dwLength = SetReadData();
dwTotLen += dwLength;

} while(dwLength);

if(dwTotLen > 0)
{

if (dwTotLen > 1000) goto ENDLABEL;



char buff[100];

//sprintf(buff,"Serial data : %d",«(REVDATA+0));
//BmdMenu - >Labell->Caption = (AnsiString) buff;
ErrorCode = *(REVDATA+0);

if (ErrorCode > 9) ErrorCode = 0:

//BmdMenu - >errorcheck = true:

for (int i=0;1<dwTotLen-5;i++)

{

char buff{100];

memcpy (buff (REVDATA+1),9);

if (strnemp(buff,"ch [ 17,6)==0)

{
memcpy (MainForm->TIMEVIEW REVDATA);
MainForm- >TIMEVIEW(i] = 0x00;

}

if (strncmp(buff,’ch [16] " 9)==0)

{
unsigned long temp=0;
sscanf(REVDATA++9,"%x" ,&temp);
MainForm->realChannel[15].Value = (double)temp:

!

if (strncmp(buff,"ch [ 11 ",9)==0)

i
unsigned long temp=0;
sscanf(REVDATA+i+9,"%x",&temp);
MainForm - >realChannel[0].Value = (double)temp:;

}

if (strncmp(buff,"ch [ 2] "9==0)

{
unsigned long temp=0;
sscanf(REVDATA+i+9,"%x",&temp);
MainForm->realChannel[1].Value = (double)temp;

}

if (strncmp(buff,’ch [ 3] ".9)==0)
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unsigned Jong temp=0;
sscanf(REVDATA+1+9,"%x" &temp);
MainForm->realChannel[2].Value = (double)temp;
}
if (strncmp(buff.’ch [ 4] "9)==0)
{
unsigned long temp=0;
sscanf(REVDATA+i+9,"%x" &temp);
MainForm- >realChannel[3].Value = (double)temp:
}
if (strncmp(buff,”ch [ 5] ",9)==0)
{
unsigned long temp=0;
sscanf(REVDATA+i+9,"%x",&temp);
MainForm->realChannel[4].Value = (double)temp;
}
if (strncmp(buff,”ch [ 6] ",9)==0)
{
unsigned long temp=0;
sscanf(REVDATA+1+9,"%x",&temp);
MainForm- >realChannel[5].Value = (double)temp;
h
if (strnemp(buff,’ch [ 71 ",9)==0)
{
unsigned long temp=0;
sscanf(REVDATA+1+9,"%x" , &temp);
MainForm- >realChannel[6].Value = (double)temp;
}
if (strnemp(buff,’ch [ 8] ”9)==0)
{
unsigned long temp=0;
sscanf(REVDATA+i+9,"%x" ,&temp);
MainForm- >realChannel[7].Value = (double)temp;
}
if (strnemp(buff,”ch [ 9] ".,9)==0)
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unsigned long temp=0;
sscanf(REVDATA+i+9,"%x",&temp);
MainForm- >realChannel[8].Value = (double)temp:
1
if (strncmp(buff,”ch {10] "9)==0)
{
unsigned long temp=0;
sscanf(REVDATA+1+9,"%x" &temp);
MainForm->realChannel[9].Value = (double)temp;
}
if (strncmp(buff,"ch [11] "9)==0)
{
unsigned long temp=0;
sscanf(REVDATA+1+9,"%x",&temp);
MainForm- >realChannel[10].Value = (double)temp;
}
if (strncmp(buff,”ch [12] ",9)==0)
{
unsigned long temp=0;
sscanf(REVDATA+i+9,”%x" &temp);
MainForm->realChannel{11].Value = (double)temp;
1
if (strnemp(buff,"ch [13] "9)==0)
{
unsigned long temp=0;
sscanf(REVDATA +i+9,"%x" ,&temp);
MainForm->realChannel[12].Value = (double)temp;
}
if (strnemp(buff,"ch [14] ".9)==0)
{
unsigned long temp=0;
sscanf(REVDATA+i+9,"%x",&temp);
MainForm- >realChannel[13].Value = (double)temp;
}
if (strnemp(buff,"ch [15] ",9)==0)
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unsigned long temp=0;
sscanf(REVDATA+i+9,"%x" &temp);
MainForm- >realChannel(14] Value = (double)temp;
}
if (strnemp(buff,"RPM " 5)==0)
{
unsigned long temp=0;
sscanf(REVDATA+i+5,"%d",&temp);
MainForm- >realChCount[0].Value = (double)temp;
}
if (strncmp(buff,"SPEED ".6)==0)
{
unsigned long temp=0;
sscanf(REVDATA+i+6,"%d",&temp);
MainForm- >realChCount[1].Value = (double)temp;

ENDLABEL:

MainForm- >MonitorMemo—>Lines— >Strings[0].Pos("TIME");

}
dwTotLen = 0;

}

CloseHandle(os.hEvent);
return -

}

bool TCommThread::OpenComm(String PortName, DWORD Baud, BYTE
Bvte, BYTE Parity)
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COMMTIMEOUTS CommTimeOuts;

//'/,, e —_—— e T
osWrite.Offset = 0;

osWrite.OffsetHigh=0:

osRead.Offset=0;

osRead.OffsetHigh=0;

osRead.hEvent = CreateEvent(NULL, TRUE, FALSENULL);

if(osRead.hEvent == NULL)//o} ¥l E7} 2 &% oro
return FALSE;

osWrite.hEvent = CreateEvent(NULL, TRUE, FALSE,NULL);

if(NULL == osWrite.hEvent)

{
CloseHandle(osRead.hEvent);
return FALSE;

if((hCom=CreateFile(PortName.c_str( ),GENERIC_READ|GENERIC_WRITE,0,
NULL,
OPEN_EXISTING,FILE_ATTRIBUTE_NORMAL|FILE_FLAG_OVERLAPPE
DNULL))==(HANDLE)-1)

{

fCnt = FALSE;
return{fCnt);
}
else
{
SetupComm(hCom, 4096, 4096); JEES W A7) A4
SetCommMask(hCom. EV_RXCHAR);//ol® Aol W &ANE

//EEB]$-7]
PurgeComm(hCom,PURGE_TXABORT
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|PURGE_RXABORT/PURGE_TXCLEAR
IPURGE_RXCLEAR);
CommTimeOuts.ReadInterval Timeout = 4
CommTimeOQuts.Read Total TimeoutMultiplier=2:
CommTimeOuts.Read Total TimeoutConstant=20;

CommTimeOuts. Write Total TimeoutMultiplier=0;
Comm TimeOQuts. Write Total TimeoutConstant=1000;
SetComm Timeouts(hCom,&CommTimeOuts):

dcb.DCBlength = sizeof(DCB);
GetCommState(hCom,&dcb);//dcbe] 71 &#gk2 W=t}
dcb.BaudRate = Baud;

dcb.ByteSize = Byte;

dcb.Parity = Parity:

dcb.StopBits = ONESTOPBIT;
deb.fOutxDsrFlow = 0;

deb.fDtrControl = DTR_CONTROL_ENABLE;
dcb.fOutxCtsFlow = 0;

deb.fRtsControl = RTS_CONTROL_ENABLE;
deb.fInX = decb.fOutX = 05

dcb.XonChar = ASCIH_XON;

deb XoffChar = ASCI_XOFF;

dcb.XonLim = 100;

dcb.XoffLim = 100;

dcb.fBinary = TRUE;

dcb.fParity = TRUE;

dcb.fBinary = TRUE;

dcb.fParity = TRUE;

if(SetCommState(hCom,&dcb))
{
fCnt = TRUE:
this—>Resume();
telse



fCnt = FALSE;
CloseHandle(hCom);
}
return(fCnt);

bool TCommThread::CloseConnection(void) ~ //H3EE AAL AT
{
fCnt = FALSE;
SetCommMask(hCom,0);
EscapeCommFunction(hCom,CLRDTR);
PurgeComm (hCom,PURGE_TXABORT]| PURGE_RXABORT
IPURGE_TXCLEARIPURGE_RXCLEAR);

// error control...

if(hCom == NULL)

{
CloseHandle(hCom);
return(FALSE);

}

else if(osRead hEvent == NULL)

{
CloseHandle(osRead.hEvent);
return(FALSE);

}

else if(osWrite.hEvent == NULL)

{
CloseHandle(osWrite.hEvent);
return(FALSE);

}

return{ TRUE);

}

DWORD TComm Thread:: WriteCommBlock(LPCVOID IpByte, DWORD
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dwToWrite)

{ yud dolEle deolele 2718 AFR Ted
DWORD dwWritten,dwError,dwErrorFlags:
COMSTAT comstat,

if( !WriteFile(hCom,lpByte,dWToWrite,&dWWritten,&osWrite) )
{

if(GetLastError() == ERROR_IO_PENDING)
{

//ERROR_IO_PENDING == 997
/¢ Qe BT ol AAY AETE FATE
Jo} 91 A% Overapped 109 54 o

we} ERROR_IO_PENDING®l 2] #| A #] 7}
A2 "

timeoutel BaizE AzhE 7|k Erhe/

while( !GetOVerlappedResult(hCom,&OSWrite,&dWWritten,TRUE) )
{

dwError = GetLastError();

if(dwError '= ERROR_IO_INCOMPLETE)
{

ClearCommError(hCom,&dwErrorFlags,

&comstat);
break;

else

dwWritten = 0;

ClearCommError(hCom, &dwErrorFlags, &comstat);
}

}
return dwWritten;//2 A2 22 7 ol EE E



DWORD TCommThread::SetReadData(void)  //¢1-=H olEl & W Hd A%
{
DWORD dwRead, dwError, dwErrorFlags;
COMSTAT comstat;
ClearCommError(hCom, &dwErrorFlags, &comstat);
//-—— system queued] E#e bytes g ¢l=
dwRead = comstat.cbInQue;
J-—> A zmE oA s ATt dew.
if(dwRead > 0)
{
Ji——> wHe] dvr QojEelEd. gled Adged
if('ReadFile(hCom,REVDATA,
BUFFER_SIZE,&dwRead,&osRead) )

> 9e AR FRAEA FH

if (GetLastError() == ERROR_IO_PENDING)

/elzE el dole7t dE 4§ timeoutsel A Eile
A 7hREE 7ltE e
while (! GetOverlappedResult(hCom,&osRead,
&dwRead, TRUE))
{
dwError = GetLastError();
if(dwErr'= ERROR_IO_INCOMPLETE)
{

ClearCommError(hCom,&dwErrorFlag s,&comstat);
break;

else

dwRead = 0;
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ClearCommError(hCom,&dwErrorFlags,
&comstat);

}
jf-> AR gelge AsE D,
return dwRead;
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