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Abstract Based on the traditional hardware implementations of Kalman filter, the authors derive and simplify the
filtering formulas according to the filtering model and matrix operations, and then design underlying FPU (float
point unit) needed by the filtering formulas according to the “bottom-up” design thinking, to implement the
complete Kalman filter system. The Kalman filter designed by this method not only gets rid of dependence on
third-party platforms and increase the portability and application areas of filtering system, but the filtering speed
improves significantly than traditional matrix operation method. For a constant acceleration filtering model, this
paper provides detailed data comparison between formula derivation method and traditional matrix operation
method, the Kalman filter designed by this method maintains the accuracy of the previous level and achieves the
computing speed 2.1 times, compared with the traditional matrix operation method.
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Fig. 1 Architecture of Kalman filter
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Fig. 4 System parameters on FPGA

1500

1000

2 500
k=
|

g 0
b

g 500

~1000

1 10 20 30 40 50 60 70 80 90
873 3 AV/¢

B 5 JEEHN measure_input
Fig. 5 Input signal measure_input

1500

1000

500

x_now 0

<

-500

—1000

1 10 20 30 40 50 60 70 80 90
HIKIEA RS

250
200
150
100

50

x_now 1

=50
—-100
—-150

HEEARRHE

75

—»

50

25

X_now 2

-25

=50

HEEARRHE

Ee Rk
Fig. 6 Output signal

35

—e— p_pred 00
3.01 —m - p_pred 11
251+ p_pred_22

2,014

1.5

1.0 1

os| &

1 18 27 36 45 54 63 72 81 90
SRR

B 7 FlliRZE{ES p_pred
Fig. 7 Prediction error signal p_pred

p_pred

807



R M(AARPI M) 528 5 51

2016 4F 9 H

BETEO, KRR S MR 5 NI A X
TR S M E L, RJERIHFE S BEH Rt
FPU, JERIF ARSI Lt B, L FPU 1R
TS JZ A HE S I A 8 A = A S B, 171 4
ARG . R IE BRI R IR 2080 A%
TE LR IR 8 DR BE A9 R, 343 T 8 0 B IRt
PE, BT RG] B R RN TS, JF AR T
TUEPE L, T DL g b R SR TR R R
IR 2 R I 25 04 SRR

2% STk

[1] Kaman R E. A new approach to linear filtering and
prediction problems. Transaction of the ASME —
Journal of Basic Engineering, 1960, 82: 35-45

[2] Fonseca J V, Oliveira R C L, Abreu J A P, et al.
Kalman filter embedded in FPGA to improve tracking
performance in ballistic rockets // 2013 UKSim 15th
International Conference on Computer Modelling and
Simulation. Cambridge, 2013: 606—-610

[3] #FF. RR S Uk 1T K R F 58 [D]. R
I K27, 2014

808

(4

(5]

(6]

(7]

(8l

(9]

[10]

Wu Panlong, Zhang Lianzheng, Zhang Xinyu. The
design of DSP/FPGA based maneuvering target
tracking system. Wseas Transactions on Circuits and
Systems, 2014, 13: 75-84

B, BAR, kJksE, §F. ZETF FPGA Y Kalman
TE P AS LI SE. AR TR, 2012, 35(6): 67-70
ANSI/IEEE Std 754-1985, |EEE Standard for Binary
Floating-Point Arithmetic[S]. Piscataway, NJ: |EEE
Standards Board, 1985

Welch G, Bishop G. An Introduction to the Kalman
filter. University of North Carolina at Chapel Hill,
1995(7): 127-132

Auger F, Hilairet M, Guerrero J M, et al. Industrial
applications of the Kalman filter: a review. IEEE
Transactions on Industrial Electronics, 2013, 60(12):
5458-5471

Chui C K, Chen G. Kalman filtering with real-time
applications. 4th ed. Berlin: Springer, 2008: 45-48
T, V. 54 RIFO Mo ir. R,
2014(3): 431-434



