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Architecture and Implementation of Tool that
Convert to Fixed Point Arithmetic for Control Software
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The floating point arithmetic cannot be used from the viewpoint of the cost
with in-vehicle software. Therefore, it is necessary to mount the algorithm by
fixed point arithmetic. It is a time-consuming task to convert the algorithm
which handles the real number calculation into fixed point arithmetic. In this
paper, we propose a technique to convert a software implemented for the float-
ing point arithmetic into one for fixed point arithmetic. We also introduce an
automatic converting tool based on our proposal technique.
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Fig.1 Fixed point number of Q format
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Fig.2 Fixed point number of format used with in-vehicle software
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double bar (double varl, double var2)
{
double foo;

if (vart > 0) {
foo = 10 * varl;
} else {
foo = varl + var2;

}

return foo;

}

03 00oooooo
Fig.3 Sample code of conditional structure
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Fig.4 Outline chart of tool
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/*QLSBDef */
/*@MacroDef*/
double calcTorque(double slip, double ni)
{
double ti; ,¥0000000000 +x/

/0000 (Nm/(rad/sec) "2*/
/0000 kgfm/rpm-2*/

double cp_radsec;
double cp_rpm;

cp_rpm = INCLINATION * slip + INTERCEPT;
cp_radsec = cp_rpm * CP_RPM_TO_RADSEC;
ti = cp_radsec * ((ni * RPM_TO_RADSEC) * (ni * RPM_TO_RADSEC));

return ti;

05 000D0OO000O0DOO0 (0O0)
Fig.5 Torque Converter System(before conversion)
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/*Q@LSBDef */
#define ti_LSB  (0.5)
ooo0obDO0DO0oo0ODO0DO0oOoDO0OO0DO0ODO0DOooDOoDOooOoDaO
/*@MacroDef*/
#define TO_SHORT(a) ((short)(a))
gooboO0OoO0O0OOO0OO0OO0DOOoODOOOODOOOO0
short calcTorque (short slip,
{
short tij;
short cp_radsec;
short cp_rpm;

short ni)

»,¥0000000000 */
/0000 (Nm/(rad/sec) "2*/
/¥0000 kgfm/rpm-2*/

cp_rpm = MULDIV(MULDIV(INCLINATION/INCLINATION_LSB,
slip,
ROUNDING (T2_LSB/INCLINATION_LSB/slip_LSB)),
ROUNDING ((SHORT_MAX)/(cp_rpm_LSB/T2_LSB)),
SHORT_MAX)
+ MULDIV(INTERCEPT/INTERCEPT_LSB,
ROUNDING ((SHORT_MAX)/(cp_rpm_LSB/INTERCEPT_LSB)),
SHORT_MAX) ;
cp_radsec = MULDIV(cp_rpm,
CP_RPM_TO_RADSEC/CP_RPM_TO_RADSEC_LSB,
ROUNDING (cp_radsec_LSB/cp_rpm_LSB/CP_RPM_TO_RADSEC_LSB));
ti = MULDIV(cp_radsec,
(MULDIV ((MULDIV (ni,
RPM_TO_RADSEC/RPM_TO_RADSEC_LSB,
ROUNDING (T9_LSB/ni_LSB/RPM_TO_RADSEC_LSB))),
MULDIV (ni,
RPM_TO_RADSEC/RPM_TO_RADSEC_LSB,
ROUNDING (T9_LSB/ni_LSB/RPM_TO_RADSEC_LSB)),
ROUNDING(T12_LSB/T9_LSB/T9_LSB))),
ROUNDING (ti_LSB/cp_radsec_LSB/T12_LSB));

return ti;

}
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Fig.6 Torque Converter System(after conversion)
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oooo 1.088854 2.195478 8.695421 | 6.603405

02 00000000

Table 2 output accuracy experimental result
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Table 3 output accuracy of same processing
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Fig.7 target Speed
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