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® Electronic Stability Control (ESC)
® Traction Control System (TCS)
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! Global Positioning System (GPS)

2 Light Detection and Ranging (LIDAR)
® Inertial Measurement Unit (IMU)

* Least Squares (LS)

> Recursive Least Squares (RLS)

® Total Least Squares (TLS)

" Lyapanov Theory with Back Stepping Approach
® Nested Least Squares

% Recursive Kalman Filter (RKF)

19 Extended Kalman Filter (EKF)

! Gradient-Based

12 Unscented Dual Kalman Filter
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' Short Time Linear Quadratic Form (STLQF)
2 Hardware in the Loop Simulation (HILS)
¥ Torque Converter
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#include <math.h>

#define SWAP(a,b) {double temp=(a);(a)=(b);(b)=temp;}
double dq[11], ddg[11], Input[11], T; int WL, // Input Data
double p_Est[3]; // Output Data

double InData[35];

unsigned long Start, Elapse, End;

void setup()

/[ for Serial Monitoring using Arduino
Serial.begin(115200);

}
void loop()

Start = millis();



WAV Jlee sl o)lod oinsy JLo Ol SlSe (owiige (g 4788

/I waits until the number of collected data be more than 34
if (Serial.available() > 34)

/I Storing Input Data
for(inti=0;i<35;i++)
{
InData[i] = Serial.parseFloat(); //converts the string received into a double
/I delay(1); // milisecond

}
/I delay(1); // milisecond
for(inti=0;i<11;i++)

dq[i] = InData[i];
ddq[i] = InData[i + 11];
Input[i] = InData[i + 22];

}
WL = InData[33];
T = InData[34];

/=

double beta_f=0.015, g =9.81, rho = 1.206;

/= =

[|============= m,beta, Cd*Af regMd_t ===

const intp_numl = 3;

const int WL1 = WL,

double regMat[WL1][p_numl + 1];
for (intj = 0; j < WLL1; j++)

regMat[j][0] = dda[j];
regMat([j][1] = g/ cos(beta_f);
regMat[j][2] = 0.5 * rho * pow(dq[j], 2);
regMat([j][3] = Input([j];
}
/= =
/I Linear Quadratic Form (LQF) Parameters
double 11 =1;
double g22 = 2;
double 33 =3;
double q12 = -1,
double q13 = -1,
double 23 =1;
I s[n] Parameters
/I s[n]=a0*e[n]+al*e[n-1]+a2*e[n-2]
doublea0=1+1/T+1/pow(T, 2);
doubleal =-(1/T+ 2/ pow(T, 2));
double a2 =1 / pow(T, 2);
double rMat1[WL1][p_numl * 2 + 1];
double tV[2];
double rO[p_numl * 2J;
double r1[p_numl * 2J;
double r2[p_numl * 2J;
double r3[p_numl * 2J;
double r4[p_numl * 2];
double y0, y1, y2, y3, v4;
double G[p_numl * 2][p_numl * 2];
double U[p_numl * 2J;
/IG=0;U=0;
for (int counter = 0; counter < p_numl * 2; counter++)

U[counter] = 0;
for (int counter2 = 0; counter2 < p_numl * 2; counter2++)
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G[counter][counter2] = 0;

}

/l Estimation Loop

1= =

[l Converting Original Regressors to Augmented Regressors\
[ 1rd-Order Sinusoid Structure for Time-Varying Parameters
for (int k = 0; k < WL1,; k++)

{
tV[0] = (k - 1) * sin(T);
tV[1] = 1.0;
int counter = 0;
for (int count = 0; count < p_numl; count++)
for (int count2 = 0; count2 < 2; count2++)

rMat1[k][counter] = regMat[k][count] * tV[count2];
counter++;

}
rMat1[K][p_numl * 2] = regMat[K][p_num1];

/1= = = =
for(int j = 4; j<WLL; j++)

for (int count=0; count<p_numl1*2; count++)
{
rO[count] = rMat1[j - O][count];
ri[count] = rMatl[j - 1][count];
r2[count] = rMat1[j - 2][count];
r3[count] = rMat1[j - 3][count];
r4[count] = rMat1[j - 4][count];
}
y0 = rMatl[j - O][p_num1*2];
yl = rMatl[j - 1][p_numl1*2];
y2 = rMatl[j - 2][p_numl1*2];
y3 = rMatl[j - 3][p_numl1*2];
y4 = rMatl[j - 4][p_numl1*2];
for(int counter1=0; counterl<p_numl*2; counterl++)
for(int counter2=0; counter2<p_num1*2; counter2++)
{
G[counterl][counter2] += (q11*(a0*rO[counterl]+al*rl[counterl]+a2*r2[counterl])) *
(a0*r0[counter2]+al*rl[counter2]+a2*r2[counter2] +
(922*(a0*r1[counterl]+al*r2[counterl]+a2*r3[counterl])) *
(a0*r1[counter2]+al*r2[counter2]+a2*r3[counter2]) +
(933*(a0*r2[counterl]+al*r3[counterl]+a2*r4[counterl])) *
(a0*r2[counter2]+al*r3[counter2]+a2*r4[counter2]) +
(912*(a0*r1[counterl]+al*r2[counterl]+a2*r3[counterl])) *
(a0*rO[counter2]+al*rl[counter2]+a2*r2[counter2]) +
(912*(a0*rO[counterl]+al*ri[counterl]+a2*r2[counterl])) *
(a0*r1[counter2]+al*r2[counter2]+a2*r3[counter2]) +
(913*(a0*r2[counterl]+al*r3[counterl]+a2*r4[counterl])) *
(a0*rO[counter2]+al*rl[counter2]+a2*r2[counter2]) +
(913*(a0*rO[counterl]+al*ri[counterl]+a2*r2[counterl])) *
(a0*r2[counter2]+al*r3[counter2]+a2*r4[counter2]) +
(923*(a0*r2[counterl]+al*r3[counterl]+a2*r4[counterl])) *
(a0*r1[counter2]+al*r2[counter2]+a2*r3[counter2]) +
(923*(a0*r1[counterl]+al*r2[counterl]+a2*r3[counterl])) *
(a0*r2[counter2]+al*r3[counter2]+a2*r4[counter2]);

}

for( int counter=0; counter<p_num1*2; counter++)
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{

U[counter] += q11*(a0*rO[counter]+al*rl[counter]+a2*r2[counter])*(a0*y0+al*yl+a2*y2) +
g22*(a0*rl[counter]+al*r2[counter]+a2*r3[counter])* (a0*yl+al*y2+a2*y3) +
g33*(a0*r2[counter]+al*r3[counter]+a2*r4[counter])* (a0*y2+al*y3+a2*y4) +
g12*(a0*rl[counter]+al*r2[counter]+a2*r3[counter])* (a0*y0+al*yl+a2*y2) +
g12*(a0*r0[counter]+al*rl[counter]+a2*r2[counter])* (a0*yl+al*y2+a2*y3) +
g13*(a0*r2[counter]+al*r3[counter]+a2*r4[counter])* (a0*y0+al*yl+a2*y?2) +
g13*(a0*rO[counter]+al*rl[counter]+a2*r2[counter])*(a0*y2+al*y3+a2*y4) +
g23*(a0*r2[counter]+al*r3[counter]+a2*r4[counter])* (a0*yl+al*y2+a2*y3) +
g23*(a0*rl[counter]+al*r2[counter]+a2*r3[counter])*(a0*y2+al*y3+a2*y4);

}
}
/= =
/I Matrix Inversion Method
inti, j, k;
constintn2 =p_numl * 2;
double polyC[n2];
double AB[n2][n2 + 1];
/I Inversing Lemma
/= =
for (i=0;i<n2; i++)

for (j = 0; j <n2; j++)
{AB[i][i] = Gli][l;
,}A\B[i][nZ] = U[i];
for(i=0;i<n2-1;i++)
{int on=0;
if (ABIi][i] == 0)
{for (i=i+1j<n2; j++)
{if (on == 0 && ABI[j][i] = 0)
for (k =0; k< n2 + 1; k++)
SWAP(AB[i][k], AB[j][K]);
on=1,
}

}
}

}
double B[n2];
for (i=0;i<n2; i++)

B[i] = AB[i][n2];

}
double A[n2][n2];
for (i = 0; i < n2; i++)

for j = 0; j <n2; j++)

{
}A[i][i] = ABI]0T;

}
for (k =0; k< n2-1; k++)
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{

for (i = k + 1; i < n2; i++)
for (j = k + 1; j < n2; j++)

{A[i][i] = A1 - (ALIK] / ATKIIKT) * ALKIO];
}é[i] = BIi] - (Ali][K] / ALKI[K]) * B[K];

}
polyC[n2 - 1] = B[n2 - 1] / A[n2 - 1][n2 - 1];
for (k =0; k< n2-1; k++)

i=n2-k-2;
for(j=i+1;j<n2;j++)

{
}B[i] = B[] - (ALi][1] * polyC[i]);
polyCI[i] = B[i] / A[i]il;

¥
double ti[WL1];
for (int counter = 0; counter < WL1; counter++)
ti[counter] = counter * T;
double paramEsti[p_numl];
for (inti=0;i<p_numi;i++)
{
int pSize = 2;
intpTo=(i+1)*2-1;
double ans[WL1];
for (intj = 0; j < WLL1; j++)

ans[j] = 0;
for (inti=0;i<pSize; i++)

{
ans[j] += polyC[pTo - i] * pow(ti[j], i);
}
}

double sum=0;
for (inti=0; i <WLL; i++)
{

sum += angsf[i];
}
paramEsti[i] = sum/WL1;

}
p_Est[0] = paramEsti[0];
p_Est[1] = asin(paramEsti[1]/paramEsti[0])-beta_f;
p_Est[2] = paramEsti[2];
// Send Output Data to Matlab and goes to next line
Serial.printin(p_Est[0],16);

/I delay(1); // milisecond
Serial.printin(p_Est[1],16);

/I delay(1); // milisecond
Serial.printin(p_Est[2],16);
/I Computing elapse time
End = millis();
Elapse = End - Start;
Serial.printin(Elapse);
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Abstract

Appropriate control of the vehicle longitudinal dynamic requires accurate and real-time
knowledge of the parameters affecting the dynamics of the vehicle. The main contribution of
this paper is in developing an estimator called short-time linear quadratic form (STLQF)
which is a new parameter estimation technique to simultaneously estimate the time-varying
parameters that affect on vehicle longitudinal dynamics with a low latency. These parameters
are the vehicle mass, time varying road slope angle and overall aerodynamic drag coefficient
of the vehicle in real time. Next, the efficiency of STLQF algorithm is shown by comparing
the results of STLQF technique in an experimental test against the recursive least squares
(RLS) parameter estimation method. The results of implementing STLQF parameter
estimation algorithm, showes the better performance of STLQF estimator compared with RLS
algorithm. In the end, the STLQF estimator is simulated in hardware in the loop configuration
using an AVR microcontroller in order to rapid prototype of the STLQF method by minimum
cost and high accuracy in the least possible time.



