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Design and implementation of a pulse radar acquisition and

measurement system based on RFSoC

MENG Xiangqi', WANG Xinghai?, XUE Wei"', CHEN Xiaolong®
(I.Yantai Research Institute, Harbin Engineering University , Yantai Shandong 265500, China;
2.College of Aviation Combat Service , Naval Aeronautical University, Yantai Shandong 264001, China)

Abstract: To investigate the application of RF system level chip—Radio Frequency System—on-Chip
(RFSoC) in pulse radar system, a radar ranging system with high performance digital-analog hybrid
signal processing capability is designed. The high—performance RFSoC development board—IW-RFSoC-
49DR(including the design of the background interference filtering algorithm) is adopted, and the test
environment is set in a laboratory with narrow space and disturbed multimetallic equipments. The results
of the experiments show that the experimental data are significantly disturbed in an untreated, complex
indoor environment; after implementing the background interference filtering algorithm, the display
resolution of the frequency spectrum map has been significantly improved. As the test target distance
increases from 3 m to 12 m, the ranging error decreases from 53 ecm to 5 em. RFSoC technology shows
significant advantages in the design of pulsed radar system, realizing the high integration and low power
consumption design, and laying a foundation for the subsequent design of portable radar based on RFSoC.

Keywords: Radio Frequency System—on—-Chip; linear frequency modulation signal; data

acquisition; parameter estimation
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IR RGBT T PEFI R TG ME . RFSoC IF 42 F £ 4 220 38 3H BLEUH: 5 2% (ADC) FI BB L e 8% (DAC) FE il T 52— 15
Rz, I Z % ARM(Advanced RISC Machines)Zb B2 . & JE &b B B3 5T (Graphics Processing Unit, GPU), 2f 4
AR WU B R ) 2 35 725 BE ML AFE BUE % %% (Double Data Rate Fourth Generation SDRAM, DDR4) PN 745 =t RE 1B %
P, WRHESHE TIE S B R & W, 27 6 i B A Uk B 5 S0 I B3R 5 Ak 38 A 15 5 A BRAS DLAE [ — 88
A BB, mi@ X ZEERFE S TR R G R TS AT AT R R R AR . SCER (SRR T el A
RFSoC - & ff) /i e b B 2§ (Central Processing Unit, CPU)SLJifi J7) &6 3% 7 #% (Local Oscillator, LO)AFIM ] . h&K
HL P 35 DL SRR S {5, i — P30 0E T RFSoC 7 A8 £ i 4k . Dy e R 6 v 5 R D #6545 J7 1 il Re L 8. SCiik[6]
ST —Fh KA 58 . £ 38 18 1938 A 5 AL BEALAE (R 454 15 1, SE8L T —Fh 548 3U VPX A o ) 3 280 16 Fi B B Ak i
PG o 8 A N L BHIE ] T R IR R G E e )y, JFROR T RE MMk . @R &g T
PR R R HRIEHFT IR, XS RGBT E AL, RFSoC JF & M i I & T ARG 2 X 7 ik &
SRR E RN REIEA TS, WA & FE HH RFSoC H R A = A E MR SE IR E IR R4

A SCHE T RFSoC Wk b f A RAE 5 R4, EEMAHE: Kb E RG-S4 5RE, H TSIk
e s T — AT SE A R AT TR B, AT B B ARG R P T R, R S LT JE T RFSoC i i 45 5
Z B ECF RS B R T R He

1 ETRFSoOCHIBAMBEBZXERESMNERE S FREN

FR G111 R A RFSoC J & #z 7 IW-RFSoC—-49DR = 1 GE 1 BB IR & 5 5 A 3R, % & £ T Xilinx £
ZYNQ UltraScale+RFSoC ZU49DRts H, W& 164~ ADC/DAC . Cortex®-A53 64 {if PUA% Ab FH #% Fll Cortex—R5 FUA% 5
A PR, Hif ADC 758 14067, SKAE# 2.5 GSPS; DAC 7% 1447, FKHEHR9.85 GSPS. K1 MRS,

#1 LT R

Table 1 Layout of core components

number address interface

1 XS1-XS16 ADC input

2 XS17-XS32 DAC output

s xemaxse o imeedo ey

4 X837 (diectly for ZU4ODR wse) imput

5 J28 FMC + expansion port

6 CN1 SD card slot

7 13 PL terminal CAN and UART

interface (J30J-9TJW-J)

3 1 1/0 expansion interface (J30J—
37ZKW-J)

9 J4 USB-JTAG debug port

10 J18 USB3.0 interface

1 U20. UG8 100G "g’;{fglplj’;;tlz 100G

12 T1 gigabit ethernet port

13 SW15 power switch

14 J50 power input

15 Ul RFSoC main chip

16 U37, U40, U41, U44 PS DDR4

17 Us1, Us2, US4, U66 PL DDR4

Fig.1 Picture of the circuit board ig SSV\\:/I; art Vo se(l]ecn(;n "
i o startup mode selection
1 ARSI 20 SW1~9 external buttons
21 157 DC-12 V power backup port
22 J5 DC-3.3 V power backup port

Bk, %I KA S FE R 16 J2 )2 K (Flexible Mezzanine Card plus, FMC+) & #E G P E, W& SD K (Secure
Digital Memory Card), #1452 %5 (Peripheral Logic, PL)¥#5 il %% J5 8 % (Controller Area Network, CAN)Y
i FH 5 A2 W& #% (Universal Asynchronous Receiver/Transmitter, UART)IES5# 1 . ZF VO Y EHE T . USB-JTAG #
B H 5 USB 3.0 & #4518 A 45 X 100 GG 2F 3 {7 v A TIR R 0, Hag g JRIF5C . 2 d s Pk A ik
LA K DC-12 V 5 DC-3.3 V B A& I o B0 AR BT RFSoC 085 A, #4525 PS DDR4 5 PL DDR4 A7 HE 3
AN, WA VoI C . FEBRGEFRIF M A ThRe e A i, A2 E . FhmEA . RERN K
PS_MIO(Processing System Multiuse 1/0)5 PL_ EMIO(Progarmmable Logic Extended Multiuse I/O) D) G455t . £ 1K
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FENK IR R G MR, FERGERIA] emitting antennas T T receiving antennas

RIS, B SRR BURAL A L E;i =

S N WG, MR AR B 5 R 38 B o 5 amplifier amplifier

TR SH, WA SR T T R I ]

HUR WO AL, X2 M5 5 47 B Ab 2 fler fler

G IR T . ARSI L B SEIR Y, B DA AD

55 T IR L 34 B A B ] —— L -

SR, RUR R EROOUSEREBEE . LS R computer

Tk R R 45 SRk AR B TE AN, O T A 6 [ k Fig.2 Overall block diagram of pulse radar acquisition and measurement system

THRSETURBRS. [ O S 5 TARAE R, JF A 12 BRIRHAR A SRS B e

F R /N Z ek SE i ST TR R, — P U BR O R A T ST, $RTRORBE ST B2 D ko A IR
5B RGH) SARER

2 ETRFSoOCHIkMEZRESMERFRE LI
2.1 EHRRAFGIZIT

S B B £ 1k VR K P (S S s BRI AR AR N, MR RAS R — AR T, R IERBE T 2NN E S
AR IR A HAE . HIRGA 2 ME S0, Fos AMEEGIEL BTy, AR IES . Pod®R
2 PE 4 551 (Linear Frequency Modulation, LEM) k{5 5 J& —Fp i H B9 T8 M5 S 08, Bk b A5 5 08 481 26 25 Bl i) 7] 2%
PEASAE o HR O AT R 2R PR R bk AR S AR B AT SRR R

S(t):Aej(Zn/;Hnatz) (1)

A ANFESWEE; fOo0E, IES RO, O E AR B, 8 W 5 AR K b 5 T, B RIS TN o
HVEBRAR A, SRR AR A o R DL ) A2 A

FEA 5 5 0~400 MHz ZRPETAMUE 5, AIR(LOYVI RN £,,=2.8 GHz, RBIUE TN F Lo (1), 5 DAC % tHh iR M
JE AT LK 2] 3 GHz By oA . RIS B 5 S BRI T R8O

u(t)=s(t) e 2ol — 4 ej[2n(/; ~fio )+ mat?] )
TR 25 51

M(I)ZA {ej[zn(/;f'/LO)’+"a’z]+ ej[Zn(j;+/'L0)t+mzz}} (3)

S IR PR S BB (5 — F R DL 2.6 GHz A D i, o —Ff 3 DL 3 GHz Mot 2l i 8
Pedi LA I AR MOR AR5 4 2.6 GHz 201 B 5 5 U8Bk, 15 3R {5 5 B .

Uy, (t):Aej[Zn(fEJrfLo)Hnaer )

KGR R G R EAAREES A R
UEE DL R TGk, B3 Ok R B RE LR
TR R
1) H #5054 hl(Direct Digital Synthesizer, clock control module
DDS): DAC () i# %~ 9.85 GSPS, Al UL i £/
W 15 5, 3 T Coe ST #E A ROM, Ti v v v v
HEWIEA KR, LM, A0~ DDS module mixer module filter module PAmodills
400 MHz £ 5 5 . Coe SCIFAF i BE
E‘Jéﬂ{%ﬁ 1”024 = ?ﬁﬂwﬁl‘ﬁfﬁjﬂ O-j 15 ps Fig.3 Arcl,ghlge;t;; T;ﬂ;?;?:g?f module
ARERISIZA T T A DK R RSN
WER 2.466 GHz, H B = il RS e 3k 2y, 38 b fl e 2 1 42 il Jk b i o
2) IR AT A% (mixer) : R AFILH LFM {5 5 5640 0y 3 GHz I O 8% . #RE LA B0, LO A%k K 2.8 GHz.
3) UKk 7% 41 (filter bank) : VRS A9 5 5 7 8 7 8 8 A, I SR IR S A 00 B AR R AU M T BB Y SR, DB
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WALk 3 GHz, JE I AR 8 B /DT85 35 400 MHz, DL 214 2.8~3.2 GHz {5 2l , ik $ 2.6~3.4 GHz
A4 A1 T 8 0 s S P .

4) Y FGK 2% (Power Amplifier, PA): {55 75 B3 i3 2y R 0K 25 0 4 H AT J2 05 1) 3)) R 0K B K 28 I 1% Sy A7 3% i
BEES . 2% 40 dB, DIWE R RS TR F A 50 .
22 BWERERSIGIT

5k G a5 538 A 1 Y 5 A R B AR MR R AR, R R A S WA, RAEESEMEES R
PR A SR AT . T I R B R G RS S R AR T 4T o

RBIBI NG S SARGSREG, mAEMBSEZWHT ., ZREAZASERNE, AR 40
fir =500 MHz, R 25 AR AU R 2 80T 36 4% £, ,=2.5 GHz, £t iR )5 115 S0 R AN

Fmix:F(ﬁ)+fLo)+F(ﬁ)_fLo) Q)

K £ M REUAE S A L MR 3 GHz,

RS 23153 3 500 MHz DL K 5.5 GHz R4 R 43 e, PR 80 7 3 U8 0% 4% DA S ip SRR R 2%, BB AT b 3, &
32 2L 500 MHz g HhoC 5%, 45 9S4 400 MHz Y 26 PR IR 3L {5 5.

FE O B ) 1 3 R DT A DL B 2 R A AL B, e R A L RMER S RO A L IR L RO R RN
g, BORB BRI R DAL, BRI R G R R . R . B, B4 IR RS R R &
B, AT ZMi KEs s, kR K

clock control module
host PC
filter module — LNA module imixer modulet—s»  IF filter [— ADC module

Fig.4 Architecture of receiving module

4 Hliih Rt

1) U8 % #% 4 (filter bank): AP LM RIR S, # e & — g P, Ho A I % 8 35 2.8~3.2 GHz.
I 2505 K S B 2 9 08 I 2 LA )

2) Ik M 7 i K #% (Low Noise Amplifier, LNA): ZUCE] ) RF 5538 % A8 % 055, 52— MK i K288 15
SR E A S K

3) IR AS (mixer): Wit—AAYE, HER S T A8 H 00 (Intermediate Frequency , 1F)ZZ{EAHVLHEL®, 2%
JE ) 3 GHz iy A%, B4 500 MHz /E S tholiit, WA PR A5 32 )0 % 0y 2.5 GHz, 1R M #4544 RF {5 5 S ARG SR
A, EWRERGES

4) OSBRI a DE

a) TR B8 . TS 5 T RE TR B — A HOK DL W ADC B i A 55K, 35648 500 MHz 7 A i K28 S50

b) HOIE B A . BT — A R PR U — P R BR A S A B AR v R AR G s OB R R O, AR S BT 15
TS 8 U e T 7 5 1 4% R 300~700 MHz .

5) BB (ADC) : fifi F 9 ADC SR FE3R N 2.5 GSPS,  7E Nyquist 2 B fi i g Ab BE A9 {5 545K 4 1.25 GHz.
M FF AU R Ol 500 MHz, 15 % 14 4 BELAE 1 95 BN .

23 BEREBRIEIT

FIRLBR N P FEERETZ T, TFXREESHTT S TRER. ZE%A BaEENER T, i3k
SR, LB, T LS )T S e A BCHE o A0 S 0 R R RO B — A 5 OB S TR AR RN T
HHIED .

D(k, [)=N(k) (6)

Y D(k, 1) R 1 e 0 B A3 & T[] 7 4 B i
{5 i B /N4 5 % (Least Mean Square, LMS)SEE 8 3 THEMEFE D, LA 7 1] BE Y Mg 75 A8

=
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D, (k)= =)D (k )+ aX (k. ) @

Kb a WIERLRS R Xk, 1) S 5 1 WCFE 3R & AN 8] 76 £ {6
Ja B2 A7 T Ak BRT LU T PR B D B bR B W ) F SR R, O 3 T S Bl 0 B B A B IX 0 I R S
ENERER

S'(k,1)=S(k. )~ D(k. 1), if|S'(k )| >0

Y(k D)= 0 ®)

otherwise
K St NEMHIF S 0 0B Y EE .
24 EUNMEZERE

WEZA SR, AW ] A~ B (16 ) . FH P B0E #1318 (User Datagram Protocol, UDP) %X
P ALK (4 096 7). R 40 % 42 % (Frequency Modulated Continuous Wave, FMCW) i 1 49 [\ % 4 B (256 ) A K
FMCW A %6 B (128 )M, 38 ik UDP Wil 5 RFSoC FF & M 57 i 4%, 78 [\ I 5 5 i e A7 75 = T 0 A6 B 1
WE, BE R THRIOER; REH#HITKELH, RIAHESREMRE, W RS SEESHR ENES, 7
U FC 8 387 I 0 5 i 8 FH DU o DA ) 55 5 dnc e, RE A BRS B BCHE T o T TR SRR A R R AT R e L AR
{ftt (Fast Fourier Transform, FFT)Z84f, F|H FFT 25 584 il BE 2 000355, I3 o0 38 4 i 00 A R At 25 s, 7 (i
S Ll (A (e T M o Ay I N <R S Y N d IR

. create interference pulse Fast Fourier
UDP data interference filtering compression Transform :
pmn antenna reflection board
I_+_1 N
PC

wall

drawing
spestrogram environment interference
Fig.5 Flowchart of host computer algorithm Fig.6 Test schematic
5 B K6 s

3 BN

KRBT B B A — DS R LR Eh, KA T 240 &R RHUAS s, IE B REMKEM T
—EM TR, DU B 0L S PR B0 T 15 5 s M R S R . SRATE M R R SHE S, 7EfE S R Hid R
T, o E RO ARCE T AT IS SIS RN . Y W R R SRR S, AR T e 18 B SO B A AR
8%, RCSSBORAR 5 B [l 5 1) R FEfomi e, SR i

R B 4 100 0 12.35 m, i 2R FHASE w3 190l 906 S BRI *ETEEE%%@?ﬁ/A\ﬁRmﬁé(,ﬁ\ﬂPci@EﬁﬁéﬁﬁiEfE,

B N5 57 9% 400 MHz) ] LIS, SR 400 MHz 45 55, PEES 209 J1 8 37.5 em.,
I MU K vh 4R, ik b TE BE S R IR A9 AL XA o6
PEFEAST , AU SZH0 R G Bk o 56 BE &8/, R 0.415 s

30 x10*

SRS BB S, SA BRSNS, W3 Gl 25 *
P o 2 P 8 050 Kk b £ 5 1 PG 3 i RFSoC P, 52 25
L2 AR K o £33 £ S S R TR, I B B 20 -
FRAREE L AL e T R R S g %15 Ao
ST AL 40 T K R 40 I o B ) A DL RIS B T AR R § LA '3
£ 00 S 00 B T e, O W AR O AT IR Bl 6 A AR RS 4 10
B R S ol
3.1 H T i i .

0 A VB B T B 1 K2 12235 m, T sy .
M TR NSRBI E R, REWEZ, Nk EARZ Rk Fig.7 Plot of wall echo test results

F B B AXAS T B 2=l o, P 7 S ik A4 52 4 45 51 Pl 7 i R 45 R
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ME 7RI LAE H, AL TR K, HAEI AL AR 12.45 m &b rTURER B4 — B Ik, 2 o i sk 2 8% 1 H bs 2
SYRY MY . NSEEREERE , 1812 m 24 YRR B X HARZEAT IR, $R2EAE 10 em A2 Fq o

3.2 BHRiEEIRKEE
FE NI A F &= T3, DIBRII S m TE 2 f M 35 . i H I S e ik B As, B
X

SEARCE T S R E GV N, JF R Sl B S AR R S R YRR RS, SR T L 0L M 7R A R B R R
PR ASAA ROCR T 8 g S S AR I S 8 e B R Ak B SR L

x104
30 30
25 25
20 20
£ £
815 815
g 8
"l "
~ 10 ~ 10

w
w

0 0
-10 0 -10 =5 0 5 10
velocity/(m-s™) velocity/(m-s™)

(a) range (no processing) (b) range-ranging (filtering background interference)

Fig.8 Distance measurement experiment using a reflective plate
P8 ST AR I BE 525

U 3 S SR A T K 2 4.5 m Ak, DATET 8 mI DLWLAE 3 H AR A503E [&T /Y [l i 7, ml RIS 1 A 1 3L
FEE . HMNZFEUER], TRl EREE A, TR E, W H A A RRH T SuEkR =X,
e TIRTT R BR, 2 BRAE T B T).

S WERA VAL UT RS AR A BE R 25, I R b s A R b R R BE R B AT IE o, RS RS ARy S bR
FEBHEAT X LG, DA 0 R 2R 0 A RS B B R AR A A iR 2200 o ek X R U vk, RE A UL M A I B 8 A% 7R I BE
B AR Bt RE R B .

P19 SRy B SR A T 3.70 m A B 0 AR AT, I R R R O 317 m, DG 0T R A2 B AR R AR B SO
Wi, RZER K.

30 30 "
55
25 25 5.0
45
20 20 4.0
g g 315
821 a2 3.0
2" 218
@2 3 25
=10 & 10 2.0
X-0.127 077 15
Y3.173 83
g 5 710745.8 L0
= 0.5
0 0
-10 =5 0 -10 5 0 8 10

velocity/(m's™) velocity/(m's™)

(a) range (no processing) (b) range—ranging (filtering background interference)

Fig.9 Ranging experiment when locating the reflective plate at 3.70 m from the antenna

519 5 3.70 m I FESE3

P10 DR Sz S A T 6.25 m A 0 AR 1A, 0 RS R O 6.10 m, I 3 TR G BE E AG B, st
WA P . ATRERY I R S PR R O A%, PR R 2 ARBON BT S B, R I AR R AT A S AL s S
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FE MR ], A TR LAY ER RN Gl i X 3~8 m i [ A A R R AT 2 B MR B, R LA 3 A A )
TR 22 5 T B 2 I A 5 AR o

x10*

30 30
25 25 25
20 2.0 20
& £
S15 L5 815
kS g
&« 2
© 0.185 728 = 0.029 325 5
10 Y 6.103 52 1.0 10 Y6.103 52
Z 890.104 Z7416.03
5 0.5 5
0 0
-10 -5 0 5 10 -10 =5 0 5 10
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(a) range (no processing) (b) range—ranging (filtering background interference)

Fig.10 Ranging experiment when locating the reflective plate at 6.25 m from the antenna

510 R 5FH 6.25 m il HE 5256

F 2B E 0T, MF 2P LIS, B %2 MR

SEPREE BRI , TR 2SS 1 Y 53 om [ B AR Table2 Error analysis of distance measurement
8 ‘{jﬁ’\ UI'I|J iﬁ; E/(J 5 cm, bﬁé % % EI(J T:T é} It ‘Hi I%j % i B/]? EE %‘ E/‘J number test distance/m real distance/m  error value/cm  error rate/%
AR B3 20 T K 35 R 1 B S
I R A RE R A L X DR S (AR R B LR 3 4.63 490 27 5510
A7 B L8 9 5 1R 22 5 Bl 5 0T 0 fose s o
AN, BT B W B BN L % 2R S A XA 6 659 670 n 1642
R = 7 7.56 7.65 9 1.176

8 8.30 8.35 5 0.599
4 &g

AR IW-RFSoC-49DR # BE RFSoC FF & M, BT bk vb 5 ik R AE 5 R 50 . R 55 &% B — A
EPAE . ZamEA TN ELEEN, DB S5 0RO R o 38 2 (0 R 1) R 2R 4 ) s S AR
LT TR IAE S 0 RS RO AR I RO, SR 400 MHz AR 95, 37.5 e IBR B 43 B 015 RIH SHIES S,
T B AR B E 3 GHz, FIJH RFSoC V- & #4755 19 & 9 540k, @ i b AP0 B b 3 84l S8 1 il
PR TIRE . MHRE5 KR, ERAHITABMER T, B TENARENE &M, LRBIEZE TR Tk,
SR 5 THLdE bR Bk 5, WS B B BERE e, nTDUE S A 2 H bR iE S 28k . [Wa, 7E
VAR B AR B g, B R SHRE TR EE R, o TSR L BRmiEE, 5L hREREirxtt, 2
W RGN E AN RZE., LREMN, LhREEMH37TmETE£835m, HWEMEWEH S3 cmBFEMLES cm,
Bifi 25 52 PR IE B A 3G, IR 22 B W D o W AR R BETE, X Rk b TR IR M 5 A S R AR L R T D Rk R 4
AEFREAH S AR T HERA MG, A — B WA R I Y R E L BG5S AP E ARG E T A,

S E 3k
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