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The four parallel sampling algorithm

based on polyphase filtering and its implementation

Xu Bo
(Southwest China Institute of Electronic Technology , Chengdu 610036, China)

Abstract: In the development of a certain type of digital signal processing module, high—speed AD samples the RF signal, but the
clock generation module cannot output the 320 MHz clock, which causes the high—speed AD to work normally at the sampling rate
of 320 MS/s. Therefore, in a high—performance FPGA, the signal is first sampled 3 times, and the JESD204B IP core performs a
1:4 serial —to —parallel conversion on the high —speed signal. Finally, the serial —to —parallel conversion signal is subjected to
polyphase filtering and down sampling. The article first introduces the background of the subject, then briefly describes the composi-
tion, function and performance indicators of the signal processing module, and deeply analyzes the problems existing in the sampling
rate of 320 MS/s, and proposes four parallel sampling algorithm for the problem. Based on the algorithm, the system was modeled
and simulated by MATLAB, and the simulation results were consistent with expectations. It selects Xilinx's high—performance FPGA
and combines the low —pass filter parameters in the system model to implement the circuit. Finally, the digital signal processing
module and the software and hardware joint test environment of software tools such as Vivado are built to verify and give the exper-
imental results.

Key words: polyphase filter ;4—way parallel sampling algorithm ; decimation

e
0 Rk LNA ADC FPGA/DSP |e—n|
Joe Mitola 1992 i
o b 5
#
1 , : HPA |e— DAC |e—>»| FPGA/DSP |e—| O
(ADC) : :
FPGA/DSP N N 5

110—www.ChinaAET.com

http://www.chinaaet.com



http://www.chinaaet.com

BES5RS

FPGA/DSP 1
, x[n],
(DAC) , h(n], y[n]
, llJO N-1
, ADC ylnl=x{n] * h[nl=hin] * x[n]= 2, h[kls[n—k] (1)
FPGA , 2 . (1) hln] n 0,1,2,,
ADC, N-1, h[n] 4 , h[n] . h[n+1].h[n+2].
, FPGA(FPGAT), FPGA(FPGA2), h[n+3],n 0,1,2, ,N/4-1, (1)
ADC 1 GS/s,
14 bit, JESD204B o 3 N/4-1
14 , ADC FPGA(FPGAI) ylnl= 204 ;04 hl4k+ilx[n—(4k+0)] (2)
LJESD204B 0 JESD204B 1:4 )
FPGA(FPGAZ) — SPI ADC xl4n] x[4n—1] x[4n-2] x[4n-3],
, FPGA 3
FPGA o FPGA (FPGAI)
JESD204B 1P ADC s i
g (atdnrd) X atdn) X aldnd) » — — —
ADC , ADC g2t Cadne3) X aldn-1) X x(4n-3) > — — —
320 MS/s 360 MS/s .575 MS/s 338 adn+2) X x(dn-2) X a(dn-6) > — — —
, . ADC sapt Catdnt1) X x(dn-3) X a(4n-7) > — — —
s ADC o 3
320 MHz , ADC
320 MS/s o ’
320 MS/s ) ’
960 MHz s i Vst . )
ADC ’ FPGA 3 y[4n]= 2 h[4k+i]|x[4n—(4k+1)]
, 320 MS/s, 320 MS/s 3 V4ol
= hl4k+i|x[4(n-k)-1] (3)
o =0 k=0
FPGA2 FPGAL
RAM
_ N — MicroBlaze ol RAM
MicroBlaze | AXI-Interconnect |
= T T
1 | |
AXI-Interconnect Abe Py JESD204B L JESD204B -
T o PHY_I CORF_1
UART e SPI0 f— ‘ ‘
AD
N i JESD204B JESD204B -
B ’_' ADE PHY_2 CORE_2 [ ‘::l"l\’(
| sP2 l J,
GPIO |+ . JESD204B JESD204B X
sl SPI3 ARG PHY_2 CORE_2 [ '
FPGAI_FPGA2_DONE ) o )
R gk sk I ) 2
2
§ ) ) 2021 47 11 —111
http://www.chinaaet.com



HES5RS

y[4n]= 2 h[4n+i] * x[4n~i]

http://www.chinaaet.com

)

(3)

(4)
y[4n] 4 °
VU AT R A4
x(4n) h(4n)
x(4n—1) h{4n+1)
y(4n)
—
x(4n-2) h{4n+2)
x(4n-3) h{4n+3)
4
y[4n-1].y[4n-2] y[4n-3]
3
y(4n-1)= O, h(dn+i) * x(4n-1-i) (5)
=0
3
Y(4n=2)= X, h(4n+i) * x(4n-2-i) (6)
i=0
3
y(4n=3)= 2, h(4n+i) * x(4n-3i) (7)
i=0
y 5 o
xEn) xdn)
PEUSI | I e )
H(dn-2) Hdn2) HE
dn-3) b 4n-3)
LA A adn-1)
L x(4n-2) e Adn—
E] o m@;w | yln-l)
oW adn—4)
g in2)
71 a(4n-3) YT T
L] e m e,
| || af4n-5) '
] P
A(dn—4) .
| A ) 5 | yidn=3
e e |,
aldn—6)
n=, 1, 2, =
5
, yl4n]
y[4n—1].y[4n-2].y[4n-3] °

2

112—www.ChinaAET.com

45

£:=960 MHz, 10 MHz , 380 MHz
: SNR=5 dB ,

b I
| ‘HJ il‘ LI |“ | |'II. __
i E | | F i I | I
: i
i i i i 1 i i i i
'5-5 4 3 2 1 0 i 2 3 4 E
x 10°
6
1:4 s
o FIR
, 32, FIR
1/3, ,
’ 7 ’
10 MHz . 380 MHz o
,  MATLAB
, FPGA R

40 :

M 460

1 |
-300 -200 -100 0 100 200 300 400 5C

7

http://www.chinaaet.com



http://www.chinaaet.com

3 FPGA
Xilinx FPGA
8 5
data0_i~data3_1 JESD204B ,data_o
Xilinx IP core,
s IP core
MATLAB
data3_i, clk 240 MHz , data_o

data0_i[13:0]

datal _i[13:0]

il

3
FPGA , 10
FIR 240 MHz ; down_sample_clk
, sample_data0 ~ down_sample_data3
. channelO ~para_fir_channel3
. FIR JESD204B
; deci_filter ,
1:4 )
data0_i~ o

s

data2_i[13:0]

data3_i[13:0]

Data_o[25:0]

channel deci_filter

o data_o_deci

’

’

BES5RS

, sample_clk

’

1:4

data_o_deci

80 MHz ; down_
; para_fir_

’

11

’

MATLAB

>

data0_i~data3_i, 11

para_{fir_

,data0_o

sample_clk

data0_i[13:0]

datal_i[13:0]
data2_i[13:0]

data3_i[13:0]

240 MHz down_sample_clk
A 3
para_fir_ | Datall_o 80MHz
channel()
para_fir_ | paial o down_sample_datall_o
channell
o down_sample_datal_o
deci_
filter down_sample_data2_o
para_fir_ Data2_o down_sample_data3_o
channel2
para_fir Data3_o

channel3

para_fir_top

http:/gwww.chinaaet.com>> 2021

47

11 —113



B SRS

Circuits and Systems

ftbfpara_fr_top/sample_dk
[tbipara_fr_topjdown_sample_ck
Mbfpars_fr_topjrst_n

[tbfpara_fr_topjdatad |

ftbjpara_fr_topjdatal i
fthjpara_fr_top/data2 |
[tbjpara_fr_topjdatad_i

[fthjpara_fir_top/data0_o_ded

Mbjpara_fir_top/datal_o_ded
ftbjpara_fr_topjdata2_o_ded
Mojpars_fr_topjdata3_o_ded

4 [thjpara_fr_top/datad_o_ded_tmp

4 fthfpara_fr_topjdatal_o_dedi_tmp
4 ftbfpara_fir_topjdata2_o_ded_tmp
4 ftbfpara_fir_topjdata3_o_ded_tmp

12 ,

Vivado

Gz S5

f

’

(probe) R

MATLAB . Questasim

>

13 ,
, Vivado
, Questasim
,MATLAB

, Questasim

ERER IR0 87

http://www.chinaaet.com

11

FPGA

, MATLAB

Vivado 5 .
MATLAB

At Hl e R
artr

Vivado
R Vivado

, Questasim

’

N

Vivado

114—www.ChinaAET.com

5 R R

50 5

13

66 MHz

320 MS/s

74 MHz
74 MHz

JESD204B

o ADC
) JESD204B

N ’

320 MS/s, )

http://www.chinaaet.com

MATLAB
A A
Eil

QueastaSim
1 BT IR 4

U ETES

MATLAB
o EEEE R
bax il

PR}

ADC
FPGA
960 MS/s
4 )

320 MS/s



http://www.chinaaet.com

BES5RS

L I L 1 I I 1
5-300 150 -100 -50 0 50 100 150 2
14 66 MHz

[J]. ,2016(4):422-426.
[S] , , )
[J1. ,2010(6) : 89-92.
[6] , . [J].
,2008(3):27-30.
[7] , .
[J]. ,2007(4) : 50-54.
[8]
[D]. : ,2008.
[9] . [J]. ,
2012(4):27-30.
[10] ,
[J1. ,2008(9) : 43-46.
[11] ) FPGA
[D]. : ,2009.
[12] A-V- ) ( )[M]. ,
: ,2001.
[13] A-V- ) ( )M].
, . : ,2001.
[14] ) MATLAB  FPGA [M].
,2012.3
[15] INGLE V K. MATLAB [M]
, . : ,1998.
[16] . [M]. : ,
2001 .
[17] , ) [M].
,1992.
[18] .MATLAB [M]
,2001.
[19] , MATLAB
[M]. : ,2000.

[20] Xilinx.Kintex—7 datasheet| DB/OL].http ://china.Xilinx.com/

products/silicon —devices/fpga—ultrascale . html.
( :2021-03-07) E E

(1982-), ,

3
, : @

ASIC o

15 74 MHz
[1] . ,
— 1. ,
2008(1):1-7.
[2] , . [J].
,2014(3) :262-266.
[3] , , .
[J]. ,2001(6) : 642-645.
[4] , ,
( 109 )
: ,2018.
[9] , , Verilog VGA
[J]. ,2019,37(4): 150-151, 153.
[10] .Loongson_3A4000_user.pdf[ DB/OL).

[2020-08 — 13 ]. http : //www . loongson . cn/ uploadfile / cpu/
3A40 OOuser.pdf.

[11] ADV7125 [DB/OL].[2020-09-05].https : //
www . analog. com/media/cn/technical — documentation/data —

sheets/ADV7125_cn.pdf.

http:/§www.chinaaet.com

[12] . CMOS  VGA [D].
,2014;37-38.
( :2021-03-09)
(1997-), ,
(1973-), , .
(1997-), ,

o

) 2021 47 11



http://www.chinaaet.com

hRAX 7= BR

ZAEH A, KRBT FE & W EAEER BT (o THA LAY
&, LAZKRT|H @R BETIM. LARFNDATFIZE L. ILh.
FFRATIE S ML, RERTPFERZ, FE—WEFENLE TR
TG AEE A KFERB L,

AEHA, AL LEZRBE T B2 HEE (CNKL). 773K
FHifRS-F 6. F AP SR E (45 ). DOAT. £E (&5 A4&
T8N IST B AFEFARIR M SR B 52038 A LK.

st F ik BB B AT A SRR R LA . AR FAA, KT
PRI —4) ok Bk AT R IE B ARz

R

CRETFRORNHD) Jn
F E TR R REH R A R NPT

http://www.chinaaet.com





