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FHW, FEWA (Prediction & Measurement)
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Kalman Filter

Prediction
' = Fx + u
P = FPFT +Q

Measurement update
y — 2z — Hx'
S =HFPH" I
X — P H-T S—'l
r=x + Ky
P={I—KH)P’
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UEIRATEFH Bigen bR E KRB 451, T B E VerctorXd R X 4B 515
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i KALMAN _FILTER H_

KALMAN FILTER H_
"Eigen/Dense”

class KalmanFilter {

KalmanFilter() {
is _initialized = false;

I

~KalmanFilter();
void Initialization(Eigen::VectorXd x_in)

% = X . in:

}

bool is_initialized_;

Eigen: :VectorXd x_; . _
© - AT @
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TERNNTTIREE, XEATIRRE MR, Kibas.

e o B

B 25
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void SetF(Eigen::MatrixXd F_in) {

F. = F.in;

B TR 2 = A
P' = FPFT 4+

AT P RRRGENAAHERLE, XDAHERE, £R/R2IEMASVIE
AR K, BEE ORI 2 BT NIRRT, ABERE SN, PIEL
ARAE MR & W /7 Z 56 [ (state covariance matrix) ; 1X B[] Q FR/RILFEME A (process
covariance matrix) , BIJCIEH x'=Fx+u RIS, L4 is s RR S 7k
e, EAFEMA S TR Z BT HPRS ALY
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T EER, AHEER . FHA LN B P Oy:
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0 0 100 O
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x'=Fx+u
Pi= FPFY 44
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F(Eigen::MatrixXd F_in) {

Eing

P(Eigen: :MatrixXd P _in) {

Q(Eigen::MatrixXd Q _in) {

void Prediction() {
X: = F %o 3
Eigen::MatrixXd Ft = F_.transpose();
P - F *P *Ft+0:

bool is initialized ;

Eigen: :VectorXd x ;

Eigen: :MatrixXd F_;

Eigen: :MatrixXd P_;

Eigen: :MatrixXd Q_;
FF @R
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BOGTEIE I EAE
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KRGy EHE, Xy BRI —AMINEE, FInE| kB E L2, mtal DS
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WA ARRNERREEBE ST MR EENE——F /K2R
K(Kalman Gain), FIATEBAER y EAIBUE . 25— i) R 20 E R S5
% (measurement covariance matrix) , X/NRRPEMNEHES BEZ K ZEHE. —
RGOS, ARRERH) R ijihizft. S AN Ttk A, 5 — a2 &,
ANERAER .

B Ja M A

x=x" + Ky

P=(—KH)P
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void MeasurementUpdate( Eigen::VectorXd &z) {
Eigen::VectorXd y =z - H_ * x_;
MatrixXd S =H * P_* H .transpose() + R_;
MatrixXd K = P_ * H .transpose() * S.inverse();
X =% % (K *.y);
int size =
MatrixXd I

K
X—

ST @k

ZE, A RRZIEBES PR T
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T 1—-" F
zs KalmanFilte 1

almanFilter() {

is initialized

is initialized ;

lization(Eigen::VectorXd x in) {

» g by
1J initialized

::MatrixXd F_din)
t:MatrixXd P_in)
::MatrixXd Q in)

::MatrixXd H in)

::MatrixXd R_in)

ﬂatrl(ﬁd Ft L
i A |, B

mentUpdat EI

torXd v
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bool is initialized ;

Eigen::VectorXd x_;

FEigen: :MatrixXd F_;

Eigen: :MatrixXd P_;

Eigen::MatrixXd Q_;

Eigen: :MatrixXd H_;

::Matrixdd R _; T @

1.4 K85: ERFRSBIERHES

LAt H B HAE N, R B Eugis, AN 5 38 4TSS 39 472 18]

FHEm E—17, W& "continue;") :
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"kalman_filter.h"
<iostream>
int main() {
double m_x = 6.9, m_y 5
double last_timestamp = 2.0, now_timestamp = ©.0;
KalmanFilter kf;
(GetLidarData(m x, m_y, now_timestamp)) {

(!kf.IsInitialized()) {
last _timestamp = now_timestamp;
Eigen::VectorXd x_in(4, 1);
x_in << m_ x, m_y, 9.8, 0.0;
kf. Inltlallzatlor(x in);

Eigen Matrlxxd P 1n(

kf.SetP(P_in);

Eigen: Matrlde Q_ 1n(
Q in << 1.0 e, 0.¢

kf.SetQ(Q;i;);.”

Eigen::MatrixXd H_in(2, 4);
H_in << 1.0, ©.0, 0.0, 0.0,
9.9, 1.%, 9.0, 0.0;

kf.SetH(H_in);

Eigen::MatrixXd R_in(2, 2);
R_in <« g.@_g. 9.0

kf. SetR(R 1n),
}

double delta_t = now_timestamp - last_timestamp;
last_timestamp = now_timestamp;
Eigen: :MatrixXd F_in(4, 4);
F_in << 1.0, 0.8, delta_t, 0.0,

0.8, 1.9, 8.9, delta_t,

) 8.0, 1.0, 0.0,

0.0, 0.0
kf.SetF(F_in);
kf.Prediction();

Eigen::VectorXd z(2, 1);
Z << m_X, m_y;
kf.MeasurementUpdate(z);

Eigen: :VectorXd x_out = kf.GetX();
std::cout << "kalman output x " << x_out(@) <«
"y 1 " << x out(l) << std::endl;

F @Bkt




Lyfhchpiniis 5 S BRI 2019.04.19

P GetLidarData BB T 3REUS AL EAS B m_x Al m_y #b, B3RELT 4
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R AR, Br T RIS RE /150, A KA B2t 2 AR R 2 2
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& T\~ R RRBIERA N S T AL 55,

14/ 15



Lynchpiniis s RS e 2019.04.19

FXEH: AFES Boe” , (EEREER.

IEFEERERAE

IFHEEERABARS [REE=a

15/15



	无人驾驶技术入门（十三）
	手把手教你写卡尔曼滤波器
	1  卡尔曼滤波器的理论
	1.1 代码：初始化（Initialization）
	1.2 代码：预测（Prediction）
	1.3 代码：观测（Measurement）
	1.4 代码：使用卡尔曼滤波器

	2  结语

