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Abstract

In this research a signal processing system is designed for detecting the ultrasonic signal envelope using Xilinx's Zynq
SoC(system on chip). As a design tool, Vivado IDE(integrated design environment) is used to hierarchically design the
whole signal processing system. The proposed system consists of a Zyng-internal ADC, an FIR(finite impulse response)
BPF(band pass filter), an absolute value calculator, an FIR LPF(Ipw pass filter), and the Kalman filter. Under this
configuration, two design schemes, HW design scheme with LPF as a final stage and HW/SW co-design scheme with a
Kalman filter as a final stage, are compared in terms of the performance and efficiency. As a result, envelope detecting
performances of the two schemes are proved to be almost same, but the HW/SW co-design is verified to be much more

efficient than the HW design considering the much smaller time consumption during system design.
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Fig. 1. Ultrasonic signal processing system using Zynq
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Table 1. System design specification.
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ADC sampling

ext, analog input channel

(@Z-7010) | 333[kHz]
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FIR filters | type

BW/cutoff freq.

sampling | order

FIR BPF | hamming

35~45[kHz](BW)

FIR LPF | window | 70[kHz](Fc) 1MEz) ] 100
Kalman order R Q

Filter 1 900, 2500, 10000 1
Ultrasonic modules input volt.
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. 40[kHz]
receiver(MA40S4R) -
R : measurement noise cov. Q : process noise cov.
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Fig. 4. Vivado schematic of the ultrasonic signal processing system.
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//R : messurement noise covariance, Q : process noise covariance,
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K = P/(P+R); //compute Kalman gain
estl = estl + K*(measure - estl); //update state estimate
P = (1-K)*P + Q; //update error covariance

XGpio_DiscreteWrite(&Gpio, CHANNEL_GPIO, (u32)(est1*16384)); //output estimation to GPIO
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Fig. 9. Core section of Kalman filter c-code.
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Table 2.  Time lapse of each file-generation task.
type time lapsels] | sum(s]
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HW design Implementation | 197 479
Bitstream gen. | 9%
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Fig. 10. Flow chart of file-generation tasks.
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