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Abstract

In this paper, we would like to propose the design of symmetric digital filter core in order to use in the radio
astronomy. The function of FIR filter core would be designed by VHDL code required at the Data Acquisition
System (DAS) of Korean VLBI Network(KVN) based on the FPGA chip of Vertex-4 SX55 model of Xilinx
company. The designed digital filter has the symmetric structure to increase the effectiveness of system by
sharing the digital filter coefficient. The SFFU(Symmetric FIR Filter Unit) use the parallel processing method to
perform the data processing efficiently by using the constrained system clock. In this paper, therefore, for the
effective design of SFFU, the Unified Synthesis software ISE Foundation and Core Generator which has
excellent GUI environment were used to overall IP core synthesis and experiments. Through the synthesis
results of digital filter core, we verified the resource usage is less than 40% such as Slice LUT and achieved
the maximum operation frequency is more than 260MHz. We also confirmed the SFFU would be well operated
without error according to the SFFU simulation result using the Modelsim 6.1a of Mentor Graphics Company.
To verify the function of SFFU, we carried out the additional simulation experiments using the pseudo signal to
the Matlab software. From the comparison experimental results of simulation and the designed digital FIR filter,
we confirmed the FIR filter was well performed with filter’s basic function. So we verified the effectiveness of
the designed FIR digital filter with symmetric structure using FPGA and VHDL.
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Table 1. Basic specification of digital filter.

Filter Type FIR Filter
Input Bandwidth 512MHz
Bit number of Input 2bit
Clock 64MHz
Tap number of Filter 512
Bit number of tap coefficient 18bit
Bit number of output 20bit
16
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------ ey o
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------- o, s F—# W18 FIR Fiitor s

. 24 >
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29 2. 16 5384 FIR Filtery 4.
Fig. 2. Configuration of parallel processing FIR filter.
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Fig. 4. Basic configuration of Symmetric FIR filter.
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Fig. 5. Basic diagram of symmetric FIR filter using
the DSP48 block.
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Fig. 6 Symmetric FIR filter core.
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Tale 2. Input data code.

code value
00 +3
01 +1
10 -1
11 -3

Symmetric FIR B8+ d8d vlo|g & 2H ALE31A
Hau 2709 doleE ststE HAo] FpHer 34
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# 3. input_A$%} input_B data #.
Table 3. Value of input_A and input_B.
input_B
00 01 10 11
inpu 00 +6 +4 +2 0
01 +4 +2 0 -2
LA 0 2 4
11 0 -2 -4 -6

# 4. input_A$} input B datagtol th3t signed bit LUT.
Table 4. Signed bit LUT according to the value of
input_A and input_B.
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input_B
00 01 10 11
00 | 0110 | 0100 | 0010 | 0000
input_A| 01 | 0100 | 0010 | 0000 | 1110
10 | 0010 | 0000 | 1110 | 1100
11 { 0000 | 1110 | 1100 | 1010

223 reg 29 add_sub_19] Yo 2 Eoj7tA Hu w
g g4 AL Ade 75 S = registers 1719 o
g3 2709 €9 AMfan)S 73 Ytk reg 29 EYE
sub_adder_29} reg 39 YEANEEZ AP oo A
& 169E AXA HE 3 A4 dojde Ay FxR=2
AAE register?] wFAEQl 3284 EFe JdFoR E
A7l "l reg 179 €3 reg 187 sub_adder_169]

T

duen | oty ‘&_"'“‘ ‘w Ty et
i

23 7. SFFU(Symmetric FIR Filter Unit) 7|2 FAo) thd A4 dA%.
Fig. 7. Detail design according to the SFFU(Symmetric FIR Filter Unit) basic configuration.
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Fig. 8. Delay register & add_sub blocks.
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Fig. 9. Basic configuration of coeffi_mux.
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1% 10, DSP48 blockS $& core generator.
Fig. 10. Core generator for DSP48 block.
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Device utilization summary:

) mio

Selected Device : 4vsx55ff1148-10

Number of Slices: 10651 out of 24576 43%
Number of Slice F/F: 17150 out of 49152 34%
Number of 4 input LUTs: 9266 out of 49152 18%
Number of 10s: 73

Number of bonded IOBs: 73 out of 640 11%
Number of GCLKs: 1 out of 32 3%
Number of DSP48s: 256 out of 512 50%
2% 11. FPGAS RTL Al tis A3 & k4%
Fig. 11. Summary of RTL synthesis result of FPGA.
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3% 12, Symmetric FIR Z& 3o] RTL &3 Az},
Fig. 12. RTL synthesis result of Symmetric FIR filter
core.

a9 13. SFFU RTL &4 A=
Fig. 13. SFFU RTL synthesis result.

1% 14. SFFU 7153 Algdeld A
Fig. 14. Functional simulation result of SFFU.
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2% 15. FIR 2 H coefficient 1024-order
Fig. 15. FIR filter coefficient 1024-order.
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(b) Impulse Function Power Spectrum.
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(c) Filtered Impulse Function.
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(d) Filtered Impulse Function Power Spectrum.
1916, Impulse A3 W3 A BFolH A7}
Fig. 16. Simulation result for Impulse signal.
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(c) Filtered Sine Wave.
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(d)Filtered Sine Wave Power Spectrum.
1917 Sine Wave(64ME+128ME) X135 o) w3t
A gl A
Fig. 17. Simulation result for sine

wave(64MHz+128MHz) signal.
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(d) Filtered Random Noise Power Spectrum.
1% 18. Random noise A13.9] 23 2=
Fig. 18. Experimental result for random noise signal.
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