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Fixed-point FPGA Implementation of a Kalman Filter
for Range and Velocity Estimation of Moving Targets

Shahabuddin Rahmanian®, Mohammad Hossein Bateni, Mohammad Fardad
& Majdeddin Najafi
Avionics Research Institute, [sfahan University of Technology, Istahan, Iran

Abstract

Tracking filters arc extensively used within objcet tracking systems in order to provide consceutive smooth
estimations of position and velocity of the object with minimum error. Namely, Kalman filter and its
numerous variants are widely known as simple yet effective linear tracking filters in many diverse
applications. In this paper, an effective method is proposed for designing and implementation of a Kalman
filter in an object tracking application. The considered tracking application implies the capability to produce
a smooth and reliable output stream by the tracking filter, even in presence of different disturbing types of
noisc, including background or spontancous noises, as well as disturbances with continucs or discrete nature.
The presented method includes a fixed-point implementation of the Kalman filter on FPGA, which targets the
joint estimation of position-velocity pair of an intended object in heavy presence of noise. The execution speed
of the Kalman algorithm is drastically enhanced in the proposed implementation. This enhancement is
attained by emphasis on hardware implementation of every single computational block on the one hand, and
through appropriate parallelization and pipelining of independent tasks within the Kalman process on the
other hand. After designing the filter parameters with respect to the requirements of a given tracking
problem, a floating-point model and a fixed-point hardware model of the filter are implemented using
MATLAB and Xilinx System Generator, respectively.
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In order to evaluate the performance of the filter under realistic circumstances, a set of appropriately
defined scenarios are carried out. The simulations are carefully designed in order to represent the extremely
harsh scenarios in which the input measurements to the filter are deeply polluted by different kinds of noises.
In each simulation the position-velocity data corresponding to a moving object is generated according to an
appropriate modcl, quantized, and contaminated by noisc and fed into the filter. Performances of the Kalman
filter in software version (i.e. the floating point replica) and hardware version (i.e. the fixed-point replica) are
quantitatively compared in the designed scenario. Our comparison employs NMSE and maximum error
values as quantitative measures, verifying the competency of our proposed fixed-point hardware
implementation.

The results of our work show that, with adequate selection word length, the implemented filter is fast
and efficient; it confines the algorithm execution time to 50 clock pulses, i.e. about 0.4 pus when a 125 MHz
clock is used. It is also verified that our implementation reduces the position and velocity estimation errors by
11 dB and 1.2 dB, respectively. The implemented filter also confines the absolute values of maximum crror in
position and velocity to 10 meter and 0.7 meter/sce. in the considered scenario, which is almost resembles the
performance of its floating point counterpart. The presented Kalman filter is finally implemented on Zc706
evaluation board and the amount of utilized hardware resource (FFs, LUTs, DSP48, etc.) are reported as well
as the cstimated power consumption of the implemented design. The paper is concluded through comparison
of the proposed design with some recent works which confirms the efficacy of the presented implementation.

Keywords: Kalman filter, FPGA implementation, Tracking, Distance estimation, Velocity estimation.
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(Figure-1): General block diagram of the Kalman filter.
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(Table-3): Sclected values for the Kalman filter parameters
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(Figure-3): The trajectory of the moving target and its distance
and speed variations over time
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(Figure-5): Diagrams of velocity estimation error (a) without
Kalman filter (b) with the software Kalman filter (c¢) with the
hardware Kalman filter.
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(Figure-4): Diagram of distance estimation error (a) without
Kalman filter (b) with the software Kalman filter (¢) with
the hardware Kalman filter.
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(Table-4): Hardware resources utilization of the Kalman
filtcr aftcr synthesize on the evaluation board ZC706.

Resource Estimation | Available | % Utilization
FF 7416 437200 1.70
LUT 9265 218600 424
Mecemory LUT 708 70400 1.01
DSP48 120 900 13.33
BUFG 1 32 3.13
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