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[Abstract]

In this paper, We propose variable cut-off frequency and variable sample rate small-area multi-channel digital filter for
telemetry system. Proposed digital filter reduced hardware area by implementing filter banks that can variably use cut-off
frequency and sample rate without additional filter banks for an arbitrary cut ratio. In addition, We propose the architecture in
which sample rate can variably be selected according to the number of filters that pass through the multiplexer control. By using
time division multiplexing (TDM) supported by the finite impulse response (FIR) intellectual property (IP) of Quartus, the
proposed digital filter can greatly reduce digital signal processing (DSP) blocks from 80 to 1 compared without TDM. Proposed
digital filter calculated order and coefficients using Kaiser window function in Matlab, and implemented using very high speed
integrated circuits hardware descryption language (VHDL). After applying to the telemetry system, we confirmed that the proposed

digital filter was operating through the experimental results in the test environment.
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Table 2. Coefficient Values of Implemented FIR Filter (Cut
rate : 0.32, Pass rate : 0.2, Stop rate : 0.5)

n Coefficient n Coefficient n Coefficient
1 -0.513021 13 -213351 25 1538.47

2 -12.2909 14 -4037.13 26 649.012

3 -22.918 15 -969.472 27 —348.221

4 20.7172 16 8018.89 28 -518.263
5 122.073 17 18351.7 29 -153.394
6 123.709 18 22936.8 30 123.709

7 -153.394 19 18351.7 31 122.073

8 -518.263 20 8018.89 32 20.7172

9 -348.221 21 -969.472 33 -22.918

10 649.012 22 -4037.13 34 -12.2909
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12 670.727 24 670.727
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Table 3. Performance Results of Telemetry System
Applying The Proposed Digital Filter

Cut-off Freq. Test
C“t_?gi)ﬁeq' 80 Hz 500 Hz | 3,000 Hz | 10,000 Hz
Output Volt. | 2.1906 V | 2.1349V | 2.0981V | 2.0956 V
Passband Freq. Test
PaSSb;.”d) Frea-| a0z | 304Hz | 2,228 Hz | 7,270 Hz
Oulput VoL, 3V 3V 3V 3V
Stopband Freq. Test
Stopb&ig Fred- | isoHz | 784Hz | 4,148 Hz | 14,950 Hz
Output Volt. oV oV oV oV
E 4. TDM 750l 2, Cydone V FPGAAIA 17H2| FIR ZE{7}

ALEsks HA
Table 4. The Area used by One FIR Filter in Cyclone V
FPGA with and without TDM

Without TDM With Max. TDM
Ref.

LUTs | Dsps |Memov | | ;7o | pgps |Memon

Bits Bits

FIR Filter | 4,720 | 80 0 487 1 | 8192
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Table 5. The Power Consumption used by One FIR Filter
in Cyclone V FPGA with and without TDM

Power Consumption

Cyclone V FPGAOIA 17H2| FIR ZE{7}

Ref.

Without TDM With Max. TDM

FIR Filter 8.38 mW 0.96 mW
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