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Abstract

In this paper, an automotive ECU (electronic control unit) with Kalman filter accelerator is designed and implemented.
RISC-V is exploited as a processor core. Accelerator for Kalman filter matrix operation, CAN (controller area network)
controller for in—vehicle network, and LIN (local interconnect network) controller are designed and embedded. Kalman
filter operation consists of time update process and measurement update process. Current state variable and its error
covariance are estimated in time update process. Final values are corrected from input measurement data and Kalman
gain in measurement update process. Usually floating—point multiplication is exploited in software implementation, but
fixed-point multiplier considering accuracy analysis is exploited in this paper to reduce hardware area. In 28nm silicon
fabrication, its operating frequency, area, and gate counts are 100MHz, 0.37mm’, and 760k gates, respectively.
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m;hurnnmn[ Update (*Correct™)

(1) Compute the Kalman g
K, = PLHT(HP HT + R)

Time Update (“Predict™)
rain

(1) Project the state ahead 1

T, = Ax, | + By

(2) Update estimate with measurement 7,
Fp = b+ K (g -Hiy)

(2) Project the error covariance ahead

- T
P, = AP, AT +Q

(3) Update the error covariance

u P, = (I-K H)P,

Fig. 2. Kalman filter algorithm.
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Fig. 4. IMU sensor data.
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Fig. 5. Results of 3D processing.
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Fig. 6. Results of Kalman filter calculation.
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Endpoint lack Histogram: Scenario = “default”, Pathgroup = “NAIN_CLOCK", Analyss = setup

Fig. 7. Results of timing verification.
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Fig. 8. ECU layout.
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Fig. 9. Timing coverage report.
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