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Input
Zy

1. Select initial values
2ﬂl P, 0

2. Prediction stage
X = ARy,
Py = AP, AT +Q
| Py = E[(xp — %) (x — X3)"]

3. Compute Kalman gain K,
K, = P H (HP HT + R)!

4. Update stage

xX; = X + Ki (2, — HX) |

Output

o+
Xk

5. Compute estimation-error covariance Py,
Py =P, — K HP;

I Py =E[(x;— EE) (2 — %,)7]
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Input

1. Select initial values
O

2. Prediction stage
¥; = A%},
Pr—=AP. A +@

| Py = E[(xy — %) (% = %)

3. Compute Kalman gain K,
— T — T =
Ky = P HY (H.P; HE +R)

4. Update Stage

Xp =X + Ki (2 — h(XR)) I

5. Compute estimation-error covariance P,
Py = P — KpHy Py
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Abstract

Enhanced Velocity Vector
Estimation Methods Using
FMCW Radar System

Lee Seung—-Gu
Electrical and Computer Engineering

The Graduate School

Seoul National University

The use of FMCW (Frequency Modulated Continuous Wave) radar
1S Increasing 1n order to secure driver's safety and improve
convenience in the driving environment of the vehicle. However, the
radar can only estimate the radial velocity component, which is the
velocity component projected in the direction the radar is looking at
the target, and as a result, the velocity estimation performance can
be seriously degraded when the target moves lateral direction. In
addition, when estimating the velocity of the FMCW radar, the
Doppler ambiguity problem caused by Doppler aliasing must be
solved to estimate the accurate velocity of the target.

To solve this problem, this paper proposes two methods using a

multiple distributed radar system and a single radar system. In the

43



multiple distributed radar system, several combinations of radial
velocities estimated through the Least Square methods are defined in
each radar, and the velocity with the minimum error among the
results of each Least Square method is selected.

In a single radar system, a method of estimating a velocity vector
in which the Doppler ambiguity problem of the target is resolved by
using a Kalman filter is presented. To verify the proposed method,
the performances of the Linear Kalman Filter (LKF) and the
Extended Kalman Filter (EKF) were compared, and the eigenvalues
of the covariance matrix of the Kalman Filter were calculated to
solve the Doppler ambiguity. By comparison, it was confirmed that
the method of estimating the actual velocity vector of the target

showed the best performance.

keywords : Automotive radar, FMCW radar, Doppler ambiguity,
velocity vector estimation
Student Number : 2021-22758
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