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H [2) 57 1 A F0 B RFSoC B2 i W7 & : & it KB 5 5t 43
1 BE B E
RER, FBERC R AL & 2 FAE, TEEY

(1. E B2 B R 2 R O 2 2 R R G5 B R T A8 %, b5 101499; 2. i ERF 4 g R2E T EAL
Bh2E S5 E AR =B, LA 100049)

W OE: SRR IRAT SR R R TR, W S A RTINSt i 2
R AT R AR Y RS e ke B, KX KR FTHMA L RAR K, &RITF
FNT —F @@ G ARG ERERFELEE TS, £ 150 mm X 100 mm £ L& R T Gsps &
Zi& AD/DA 23 % FPGATTHEZTH S ARMAHE B DDR4 XK A F 544 5 & % HAL &k sk 4
2, RARTRAES XA EHMBRERBTT FRBFEN S 547, 0K IARE R & 28 KK
HHADCHESHREDEERAE I MAFXLEE., ENEREAN, ZFETHERAE RS L
4 GHz, £ DC~2.025 GHz % — & & M4 X W, A 212 4 HF £ 7.97~8.32 bit, % 5 % % E 4L T
—151dBFS/Hz, # 2 #h AR AAL 71 dB, £ &K R LB FIEL $H L HkE o F 5 @Rk E L%
B T A I N S A R SR AR A8 B LA

KEEIW : MK L 25 B R 3R IA e T 0 S 90 b ARl K5 A A 2

HESES: TNS5TNI7L1 XERAR SRS A

SIS AR, BAAk I, AT, 5 L RS A H 19 RESoC $iay B2 & 3% it 5o 5 Gtk g 30 TE LT 8k
i R4 5 A HE, 2026,41(3) : 710-724. XU Jianxiang, HU Jiyingshuo, ZHOU Li, et al. An RFSoC-based wideband
receiving platform for spectrum sensing: Design, implementation, and RF performance verification[J]. Journal of
Data Acquisition and Processing, 2026, 41(3):710-724.

51

[l

P 0 1 A Sy D 5 R U A JC S A T IR I L R R R i A A S K 5 S T AR
PR I o Bl 4% 25 0 2k i TR 45 R PO 2R 5 1 Dl 1 K, A E B B A 2 A SRR 2 R AL B R
Bk S R SRR AR H 25 W0 FEI IR R S DA R A O ST B R R BR B 1 T
i A5 Al R 3 Y SRR AR 3, BB R A 4 IR S O 1 A e R B
38 ok R AR Ak T B S BEXT H R A Y Sl AR RO R AU S A A, AR TR e A R I 2 (S
PR S R S e s 2 A 2

TE A T DRI 8 AR S oy, S8l S AU 5 1 s D L AT R A 4 B g R 110 R SR BE A 5 AT
4 B 1F kBB T4 R R TR S Ak T R U R R B BRI AR SR BRI TG4 L (Software de-
fined radio, SDR) 2844 58 3 3 3% v] 844 19 fE 35, L0 4 00035 DA R o 1) E AR B4 . L) Ettus
Research Y38 F K F G4k B AM % (Universal software radio peripheral, USRP) & 51l 1% 3% 89 75 F SDR F

HEEMBE: F4LE KW H(GI110500)
Y5 B H#3:2026-03-15; 81T H#3: 2026-05-09
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5 TS W I A TG 2R s IE S T AR B T I N SR AT A P X R B A B S Ak
HIRE ) AR G 45 1 SR AW 4 L AR G 2 R 43 3r 20 SDR 220 1 Jmy BR M H 25 ™ b - — 5 T, MR
USRP V- 15 ¥ i i 47 e 3 % 7% 56~160 MHz & 2% (11 USRP B210 Jy 56 MHz, X310 24 160 MHz) , 5
GHz 8 584 W N 5 SR 2Z () A7 76 i 35 2200 5 ) — D7 i, 22 MR I 22 18] 5 3 a0 3 4 48 i 75 AR R AT 1L 3%
B B 45 5 A i o ) N (8 BRE T W 75 R A7 2 TG R B 3 AN — 50 468 (1) R il 5 53 % 50 B M 5 I A 2R 2R
PSR GE AR D RE A A % B 0 R SR T 4 S e A S B R T

S5 A I & 88 (Radio frequency system-on-chip, RFSoC ) $ A f H B A #4 8 B — 1 5 4 A% 5 iy
B G T B 0 5 R B . RFSoC Ky i 33 455 50/ B0 3% i 2% ( Analog-to-digital/digital-to-analog
converter, AD/DA) ¥ 3% 0l % #2 '] k4 41| (Field programmable gate array, FPGA) i i L2 4 5 £ #
ARM 4b 3 25 5 0T 58 e N, INARAS I BR 1 S AR A 5 250 Ak B 22 1) 1) B ) B 3% L TR R IR R e S AR
JE Y R R T T 5 Sl g se Y L) Xilink (B AMD) Zynq UltraScale+RFESoC £ 51 163, 1% 2%
O ESE I 1207/ 14 0K BE B 4.096 Gsps SR A 22 1 S A0S 45 7 4 % (Radio frequency analog-to-digi-
tal converter, RF-ADC) 4 J& , b GHz 2 ik B 47 14 1 122 59 40 SR R 4R 4 T B 2 LAt ™00 ST 4F ok, % T
RFSoC ¥ £ £ 78 i {7 3 3 W 5 UEY (TR 3k 05 5 b B 5 B oK SCM5 5 R SR 1 L5 15 1 33 W 0l Jeke
S L RN TC 2 v R G A A AR B R L T4 R B T HL AR 2R 4 S BRI RE P s Y D TRV A

ELAS VR B X T — ST [ A5 DA R0 FH B 5 A WO B o8 MORE R BT 2 R S AR
S — 20, X8 SR AR 4 WP BB AT AR G M Y S 5 A3 B TR RE R AT BBk o s e BOHE TN BT AR VE 9 ADC
A 2 B B A AR % R R HAS 1Y T S PR AR 4 PR B i E YR M S B E BR A (Printed circuit
board, PCB) i Jay it i 5t 4 B EE4 4 735 s i 4 1k 4 DR 3R 4 2 % ol e R 22 T P 7. TRt o 1 B
A B D T7 1260 5 B S B4 IR O BEAT A PP AL L X TR CF A e A e e R S B kit S
RHEMACRAHEZN TR E = ARE L,

T FIRE 5, A SCRITIFICE T — I T RESoC (1) T ) 45 15 DA 60 R 104 1o 42 A8 R 4 T 2 HaL
WHCE- 6, IF LU IEEE Std 124147 SR Xilinx B2 19 0% 452 4 MU A6 07 ¥ M 18 S, BT 28 TR G
il . W B A7 9% L 5 M b (Signal-tonoise ratio, SNR) | 1§ 44 [t (Signal-to-noise and distortion ratio, SI-
NAD) . A 2% 37 #L (Effective number of bits, ENOB) H1 J& % # 8 & vt [l (Spurious-free dynamic range,
SFDR) &5 KB 4E X - 5 JF e 1 28 Gt i Al B SR A e WS PE BB S I 5 23 A o AR SCHY 32 2 BTk 4045

(DT —F0ls Gsps g i AD/DA e FPGA W 4 #1245 . 24 ARM AL HLE% | 20 AR OBUF%
K A] 4 8l A B ML AF BUAT fif %% (Double data rate fourth generation synchronous dynamic random access
memory, DDR4 SDRAM ) K £ # 4k &5 3 A 15 32 1148 5 F 150 mm X 100 mm Bl 11 755 42 1% 6 7 22 1
Ff o OV A SR S5 Y L U A S I 2 G AL L B AR T IR LUK | R DG £F (B 100 Gbps) | 258
JH H 47 B4k (Universal serial bus, USB)/Thunderbolt 3(# i 20 Gbps) % Z &4k 3 1, 3¢ 1540 X 5
SE P T ARREE, S A AR N T T v T L SR 10 B A A

(2)°F 54 T FPGA 5 ARM A3 &5 1) 57 #9 1H 30484, 454 2 GByte DDR4 R4 i B A7 5 ZHEAL 5
BBE 2 O, 0] SO NS S U S B  FPGA SERHE S A0 B 5 S 8042 8, 31 ARM 5 )2 5k 4k
P55 238 B A 00 58 B AR 5 A BRGR R , S RS DA R R 1 S b P R R E S TR AR N AR A TR S A

(3) K5 I B 3% )y U T i EEA IR S8  ADC #%0 PERE A K 8l 838 [ 5 R B X 314k
JRE ) P B AT 0 A R 43 ) A R B 5 R ) AR S BT A R R ) 88 B Y TG B
1T R GE MR G , I 55 T S0 BCHE 43 B 1 MR B B DR 3R G 2 WP BB (9 SE PRS2 A, S RFSoC F & 1Y T
AL It T E 2%
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1 FEEHRERNBIET

1.1 Rk ZE#

AR SCHETF RFSoC $ AR BETE T —Ff 8 [ A1 33 DA 01 07 FH 1) 5 48 0B 1 Tk L s s B2 - & . P 6
K Xilinx (BL AMD) 23 7] ) XCZU27DR RFESoC it J, K A A ) 5 450 85030 5% e 4% . FPGA 1T 4 F212
Y52 ARM A, KR ER TR IEEE R 8 aE G G S Uk 5 O SRR ST —
P 150 mm X 100 mm 1 PCB I, 55 Gsps 2R M % 5 GHz 95k I 47 58 (4 S 4515 5 #2005 4b 21 Rg
B O SRS 5O SR IN R 1R .

Rl FERLEHESXRESH

Table 1 Core components and key parameters of the platform

H f A/ B 50m FLA%
(WO UiRss XCZU27DR-2FFVG15171
RF-ADC W E /5y PR B R R AR 83 il /12 bit/4.096 Gsps
RF-DAC B EL/ 5y P B R AR R 81l iH /14 bit/6.554 Gsps
FPGA Wl 457218 5 R 402 # 250/DSP Slices/Block RAM/UltraRAM #4930 000/4 272/#5 38 Mbit/#j 36 Mbit
7 FH Ak B 2 TS /R0 B/ B e ARM Cortex-A53/P4#% /1.5 GHz
S Ab FE # W5 /08 ARM Cortex-R5F /W #%
) X e 2 GByte/64 bit/2 400 (MTes ')/
DDR4 SDRAM A BA AL SE /B AT R /I CL17-17-17

-5 BEARRECE A AN T 1T o R R L FR R 6 BT A R DR B LR P A e R L L A 5 I e
23 L D B (4t v G R SR A I A O S AR A P B AR ] P e ) 2 5 B A S A BB ER AR O P B AL R AE

) ~N
SESERA REF IN
E—| _ Balun :]
LMKO04832 | SPI
L] OSC.IN | g ]
o | RX2
DCIN iR/ VCTCXO [l -
cn - \00nies, FPOA_CLK| [ADC CLK —
arn| 2] |
- e Balun :]
At JITAG :
B X
:
XCZU27DR |
THL7440 PS USB3.0 RFSOC ]
TYPE-C USB/TBT3 =
i@ % P BHY PClI-e x4 j
[ RX6[ |
RJ-45 RTL8211 e =
R PHY i ]
LPHY PS P -~ ]
RX
LPDDR4| |DDR4 Balun e ]
4*GTY TX 2GB | L2GB —
QSFP2OILELF RS | 4*GTY RX =1
Balun _:]
C SDF J

1 T RFSoC i HL 7151 15 B (A 1 2 44 141

Fig.1 Overall hardware architecture of the RFSoC-based electronic reconnaissance platform
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WA 5 B BT A SR FE 5 5 K P[] Ak B4 5 SR04 5 W0 R S B 5 U AR HUL 1 5 5 807 A A 5 2 TR B WL
[ 5 46 5 AT 2 11 RS B A1k 22 B b 0 308 A% i 5 R R 0 o DL MR ORE AS B B i BT T R AT
¥ 3

1.2 HBiRE#HBEGR

F, P58 A3 A e 975 P T A DR A R R e e g R DR R A R R B SR P TR A S A
PRI BTt i AR L R BRI TE 5~12 V Ay 2 [ N, JF 38 B A SR R 97 D BE > i A FL e B BR
SRR M 4 s I K s 4t i, [ G 877 1 A 2 A2 DR O S TR R

F, P8 4 H AR I B R MR T A R B SR o B R 3 R 24 DC/DC JF G784 % 005
B, B i A LR R A 4o 0.85.1.8 3.3 M1 5 VAR Z B ALK, 73091 2 RESoC 5 J AR BRASAZ L 1/O 2 5
DDR4 £7fi# i X 1 B0 H (g Ak H 5 80 DL A0R% P B2 958 43R T 22 IR 22 4k M 4 (Low dropout regu-
lator, LDO) , fij i 0.9.2.5F1 3.3 V & IR M 75 H [, Ay B 4 2% G5 5 B A0 I3 48455 5 W5 A B i 3 ot <7 9 I
g 7 A F S 8, LA ) JF 5G S0J 0T SR A I A AR S2 R 7 e ADC A7 M LU B9 AN F B2 o I A1, v 5078 4 o J2
BT bR AR % B RFSoC ot i 80t TR 1 I DG Z AR U i i 4% % PR L sk R B
L s 1 S OB R B ) g S
1.3 HEEER

B 25 A B R T TTA A9 LMKO04832 1= PE e 2 B B 4 28 A 4 8 A, LUE 5 gk 19 100 MHz i3
JE MM S AR PR 3% % ( Temperature compensated crystal oscillator, TCXO){E 2 2 W, 28 4 35 81 A7
¥ (Phase-locked loop, PLL)Zi 4 i th 22 AR HF Sh 50 (5 5, G045 AD/DA B 45 25 T 75 14 155 38 SR AE I 4
FPGA BUFA 55 A B 75 1 12 S i b DL e R SR BB 8 o B eh Bl 3h 3 ADC {5 LL 547
REEL T LMKO04832 AR £} sh i th B3 e A Bh T I 5 & 76 5 RAE R A MF P i sh Sk .

FHZAT R, ARM 4b BEES AT 58 i SPTE L X LMKO04832 % 7 i #E 47 15 £k e ., 92 BL I i 11
A B A5 PR, LIS AN [R5 54 98 25 08 T IR BE RN 5 oKk . B IE TLRE T AR S 5 B e A
Fz 10, A]p A Rt A A B T A R RS R R S 2 Bl R 2 ) 6 e A ) 2D AR 0 A 2 22 A
TR 2R 8 I B — B i 20K
1.4 HFESLERR

BOF (RS A BEALHCR HT XCZU27DR RFSoC 8 )1 58 3L, 1208 R K 55 40U BUHe % e s \FPGA Wl 45 72 2
AN Z2 8 ARM b 284 LS T et

TE SR BUE 55 40 i, F 5 B Z R AD/DA #3028 (RSB £ 1), b RF-ADC 4 8
120050 PER I B R FE R 4.096 Gsps, 15 GHz Bk A417 58 N BT 305 5 A9 BR80T Ak SR B, 0T A6
B VR A AR A, DA 7 Ak T SR A s B 5B R A2 A% BE s RF-DAC Sy 831 14 07 43 P h i R FE 32 6.554
Gsps, A] SCRF 55 5 W BTG 15 & 00t o

1 7] 4 F2 72 48 (Programmable logic, PL) Ji il , FPGA %8 I o] F T &85 £ Fh S5 5 b B,
i P A8 HL AR 8 (Fast Fourier transform, FFT) F 4548 43 A1 5 4 5% 8 AT, FIR/ TR B0 0 W 4% T
155 UB 0 505 1B, PR R 5 T o 2 a0 X A 32 28, S 80T T AR AR
v T R E S AR E SR, L F S 40 i 1  (Constant false alarm rate, CFAR) I ik nfr
SR TR 80 TGS e S RE . BT 55 M Re s T 0 9 A R L Ll S A
FPGA B 14 IF 47 2840 52 Bt K AR AL B . W) A, 75 45 T FPGA 19 A] 5 A8 K51, °F & T AR 98 A [8] 3
) 500 SEBR T R R0 TR R E BAR B (S S A BT 45 . FPGA It AXT4 & 3 B 28 5 49 2 GByte
DDR4 SDRAM % 4% , Jy bR 535 B2 43k 5 1 (0 85090 92 A7 2 TR) | SCHR A IR [R] 3031 28 FR 46 5 8 45 K Iy o A8l
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& Y AL BT 55

1 Ah B 2% 2 42 (Processing system, PS) 5 1Al , WU#% ARM Cortex-A53 I F &b #2512 17 % A 3 Linux
BAE R G ARSI B R PR G AZ O M, EAh O R R AR T W% ARM Cortex-R5F 52
I Ab 328, AT T X e AE ORI R B AT S5 . H RIS - R A B AT 55 R B (f 4T A A A
FERTLE CRFES B ASIE ) PL IR T 5 A S 800 T 58 e a8 4 s 2 A 5 D o 45, D
TEREA 55 4 BRAE B v, TR I 15 B B 4 th PS Ui G5 — 1 L BT 00 T B A ek AT Y Ak B Y B
1 PS S $ AT 55 43 28 PL 3 58 ), H AR F28 1 5 2 SR 38 48 U A P'S o B )2 S B

PS 5 PL Z a3 i - b AXTI4( Advanced eXtensible interface 4) B 3% M 2k 47 B E B &2 B, Horr
AXI4-HP (High performance) 4% 1 F T K &8 &t % i, #0647 58 7] ;A 8 GB/s; AXT4-Lite $2 0 JH T H 47
WREH S SEOE . LRI L PS i 08 B PL S AT T HAL Y AL B [ b B
1.5 SHRESHEZERSIMNMEEOER

SEP AR 5 W A B R P S0 B 48 7% T 2% (Balun) 7 S BELT DG Fic 5 5 3t -2 43 7 46 25 128, S 300 55 A0 A5
UG5 5 B B A5 5 Z (] A B0 3 o 3RO ) b, ok AN R 2 Y B S AL 5 28 AR AR TR 4R
BEg o 25005 5 5 BTN RFSoC th i N RE-ADC JEA7 50740 R BE , BT 43807 35 15 5 2% A FPGA
A g A A2 4R UEAT S SR A0 BE s AE 2 5 1) b FPGA AL BES BB 3L 15 5 200 N RE-DAC 8 iR
BG5S, P4 EAC S R AR i 40 R PR3 15 55 1R A0 B R 2 A o
1.6 SMEEDOER

AN A BLHAR L LI 4254 0

(DF BN A TTLR PR O MITAGHE M, TTL & A MM R5E PSms i, HT &
S 0 s AR W R A A TTAG 3 10 T ARM Ab 3128 78 77 0 28 45 16 48 9838 DL &
FPGA AR SO 48 5 32 45 8 ik

(2) FIELAK M Ez 10 - R A RTL8211F TIELAK M P ¥R 2 (PHY )its i, 5 PS s T JK LUK W MAC 4%
il 75 28 RGMIT 42 1 i 4%, I f2 S 8000 & RS 1) 5 il B W 4%

() FE LT 10 R Tl S f 28 48, PL Im 88 A9 GTY W & #5% SC B, B3 3 % 1o 1% Bl o % 32.75
Gbps, 2 PCB EZ 5] H 2 QSFP28 YA He i f: 4% , Al 8 1T 15 100 Gbps, #E%¢ Aurora &% 100 G LA K ¥ #p
W, T R S ARURSCHE 1) e 3 I 4% K 22 S T i s 4t .

(4) B USB 4 10 . R TYPE-C #E$: 8%, 3 %5 USB2.0, USB3.0 & Thunderbolt3 Mpis , i =5 % i 1%
By 98 20 Gbps , SCHFE 1 BAR 20 45 S0 AU 1L 4 7 B A SR b ) — R .

25 I, F B 3T RFSoC Huls i 8 R H , 8 Geps it MR B . FPGA 5 ARM A 4h B 2 GByte
DDR4 2847 I T-JK LA KR 100 Gbps JE£F .20 Gbps USB 45 £ #£ 4k i 1 #2114 F 150 mm X 100 mm #L
M b, 76 ZR G0 4R B (IR B 5 4 100 ST T T R A DA R TRE R A . A5 g TR B
LI TF 284 5 FPGA W] 4 B e 1 L %1 & AN A T 1 JH 37 5%, 7T i 3 n 280 [] 19 45 -5 4 B 5
55 Ty RE AR R I AR M S 2y N T B B A R TR SE Sk B R R
5 T4 U L5 2 O A L 55 R ok, B RO a0 HIPE S AT vk . N — I RO A s
F G0k 1 G B 0 v R AR 58 6 AR G S PR Az AR b AT E B4R .

2 SPsmeEUtERE MK T =

2.1 MARBEEERTR
Sy 2 T 36 G- 65 B SO WOV RE L SRR 5 U L T A AT I, 9 B s DAL 4 L 2 A0 R0 A T
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P2 R D5 SR R T 5 B Y BLSC R URCRR 0 o AR S Rt e R R A o S A R I DR Dk R
J5 ST 5 SRR A S

I 5 b B ) A B DR D% #8 10 H W T SIE SR A Bk a . S EmE RS ESY A
I3 G M A R RS U I L A AN DAVE B X R e 5 OF B ADC A B AE R ARk B
FEY) BN, B BSINAD K SFDR 5548 b5 (14 038 25 5 A 25 °F- 15 B SE PR . O b, 1 6 A 00 35050 553 43 J71)
i AR L T 2% D ) U3 D A L 8 R AF - U D TE E AT 5 1R T A B e 3 2 R AN R BT
B A AR LR

DR, 15 BSOS SO A5 5 IR 0 i A5 S 3T AR 00 S5 o) bn g o BLRERAE S 8 d MR 5 I g
Ui £ 32 M IO AR B3 (0 Bt A0 T A o A S 0 G B B ) A i B B A AN . R IR AR A Bl A i A
[Fi] 25 58 ol T 300 O B A 0+ — 2 SO0 U 55 5 B9 0033 o3 A, B A 5 TR 10 B8 7 2 8 3 D e 100 VS A R R
G (10 A IS W P 2R 5 R T Y AR A 1) S B 2%, DT A A B (B U Dk A R (R 2R ) 1
FATAE . BEJG 458 RESoC B8 T Wb 45 i ADC A5 FR 6 Fe i A T3, Fn 6 b A 0045 (0 S0 3 4k %
BUFE , V8B A5 5 U5 0 a1 F P A B IR RS & SR AL SMA 5 F (45 5 D 240 4 45 T bR P I
MR 1 dB WYKo bRE 58 UG , B 55 TR D043 AR & 317 IE RN . F & ADC R AR S
N 4.05 Gsps , % B 85— 28 28 Wi X DC~2.025 GHz., IR FREE S BN 2 iR .

®2 MWARESH

Table 2 Test environment parameters

W/ SH LR YL VEIEN rages
ERERL R&.S SMW200A ENRERER
AT A N9020a MXA

1K 1 U 7 MinrCireut s 500 MHz 45 15,

VLFG-490+

e Mini-Circuit s .

AP 38 28 I 7% 1 GHz Wi 5
VLFG-1200+

Mini-Circuit s

AV 38 P8 e 1.5 GHz #i &5
VLFG-1525+
I AR 45 AT 450 P T MR R 22 12 1) Al Pl 4 YX-CA360-SMISM-LL B i
B oF & RFSoC (XCZU27DR)
KRB/ Gsps 4.050
MR/ °C 24.5 ESTEIN)
2.2 M8 Ak B

0 S A3 074 8 BT SHE BT 2% 28 M7 e DX 3 ) 7 7 AR e M 55 A X ADC s M RE R TR B E . A
SCHEH A AN A A 500 MHz .1 GHz 1.5 GHz M1 2.4 GHz, B %5 — S R X 555 S 4 iRIX .

B 3 AN A T4 — B W4 IX (DC~2.025 GHz) N, 43 5 % I 2% 28 3 4% S i 1/4 .1/2 1 3/4
b o 500 MHz A TR AR Bt , ADC 7 % 451 B 38 # 2¢ B 322 00 FRAR A0 sh A8 M e, wT VR - S PR RE I SL S
%51 GHz 7 T2 28 e DX rfts |, 2 5 7 005 JR 60 o o die EL AR 3 P 1) TV A BE , 2 080 a5 1 0 3 5 4 T
S £ 78 LR T AR 250 T 1M REZK T 5 1.5 GHz i 30 23 ZE Wi AR IX R M i 2% , ADC SR PR 5 Ha 617 9 B
il B b b 2l 5 e LA R T 48 78 4 e AR 1 AR A A DR 3R AR O Bk 7 A i R, AT ) TR OF B 7
o A3 iy ) M B A B
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2.4 GHz A T4 A B WHFIX (2.025~4.050 GHz) , %t R 2.4 GHz ISM Ji Bt , & WiFi i F 4 £ Fh
LA A 0 S AT B A S M DA R T A S R o B AR W R SR R A B DD B 2 — o RESoC
I RF-ADC X HZ B EWFX TAE, 24 GHz G 54 RFEFIREEH — B ENFEX N 787 e ab 2
SR s & 6% 57 6 78 = fi AR R 19 3 45 1k A 3B A0 AR B DA KR FH vei 4% 48 00 DX a0k A7 L 42 S A
SRR 1 52 PR A2 WA RE ) -

2.3 MikIERE R

AR SR B8 DA HT N FH X WSO o 1) PR B T oK, T TR R SR A RS B L ADC O MERE LA K B

530 PRl 5 52 SO 0 SR AR A O E R R AR R R L IR 3 TR

R3  SHERKERENIKIERE R

Table 3 RF receiving performance test metric system

i3t HIRE 8 A W Ty o A A
EARZWS K e KAz U R o 55 AR
SR J A FFT WA 45 5841 B
SNR W AR B FET 4007
ADC B B SINAD SNR 5 THD &4
ENOB i SINAD #%
SFDR BRI N B R A TN o
NSD i SNR 5 R #5055
MDS % AR A A\ ) 2
AL 5 R E P B WK i A ) 2
RGN AVEHE DR DR =P, — MDS

it 2 UL I A, bR 45 AR X I A5 A BEORA BT [ o BEAS S B A A AR U P a4k
FHH SAE AT U 30 G AT I B, AN AR R A AR A s ADC A% PR BE A K s SV 1R 5 R B0 T I 1 e A
FEAR i 1 2.2 719 P ad 69 4 A0 b 20 Sl A7 0 4, LA B 560 S AE AN R d AR R i PERER B DA
U I 3 A% AR AR ) B S KT vk
2.3.1 AERBRSK

S H M2 B IR S 15 S5 450 T S ) 903 B 55 B 0, J DA ST 65 BE A I A S AT A R BB 1
SR SERRFE AR o e RAE WO AR A - £ RS 1E W HOF K7 40 5515 5 i 05 R o B33 DA 0 1z
s B2 AT BE U8 A A A< B 15 3 B, DA S BN A 2 o R BRI B A TR . DU A5 S TR Y I E TR Y
BT A 5 DAL 1) o 430028 20 F0E, 10 5%~ 65 AT IE 4 WA e e AR 6 R HG R A LA B2 4 GHz 9 5
WE S HCRE T -
2.3.2 ADC A Mt

ADC RO BB R AL 5 3R U5 5 Bl RO SCBETR AR, BLIRDRAE 1 I S0 35 DA R0 55 0 P RE AR I i A5
MUAE B A AR AR A AR R R S R B AT FET 20T B 26 1F T A . ADC 0
PERETE bR AL 4 -

(1) FZMAF S 45X iy A G 5 5 BEAT FET 2007 J5 , ST e (1 o 4R IR IR (B . i ad 515
5 URBRFRAT A L, B IE 1 £ 505 00 ik 4 o i P O 8 DR A R v oA B A Ml A% el R A B S TR R
Jr 8245 0 ) A5 R BE A b 23 M A R0 ) S il A 8 10
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(2)fF M L (SNR) 52 AR 5 T A 5 M D R OR300 Z L, 3R AE ADC H AL i 72 b 51 AR B
PLE P Ko 5 SNR B BR V- 5 BB A5 18 BRI AR5 D0 AT D OR 35 B A R I B8 7, 4% 56 28 B 316 JaK
I RABE o HoE SOl

Psignal

SNR = 101g (1)

noise

2 P g HAF S BRI ZE, P h BRI AN 04 BT A7 W P 3 D) 238 22
(3MFAN L (SINAD) « %E X055 Ty 4 55 W P I i A7 2R L0 4 D) 30 22 A BG LU AL [R) I 25 18 T Bl HL ISR
FEOREEZME R B e, 23 ADC sh B REM LB R, HE XN
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Table 4 ADC dynamic performance test results at different frequency points

B AR /MHz - SEB%/MHz - SNR/dAB SINAD/dB  ENOB/bit SFDR/dBc NSD dBFS/Hz

500 499.95 51.93 51.83 8.32 75.72 —152.76
1 000 999.95 51.53 51.43 8.25 74.60 —151.34
1500 1499.90 50.00 49.75 7.97 62.86 —152.34
2 400 1650.13 32.89 30.83 4.83 41.85 —135.58

MR ATTLATE Y, 25 500 a3 S0 A3 3 55 455 YRUb B0 25 14 i 22 39 75 0.1 MHz LA, R WIS 65 78 4% 31 1
BRI A, RRE 5 MO A o R e B R (RS SR BT R . FUOP 2 400 MHZ S5 5 19 55 MR Ny
1650.13 MHz, 3% /2 1 F %05 5 00 F 4 R B WX, 4 4.050 Gsps KPR IR & B — R WX N
(4 050—2 400=1 650 MHz) , 5 it 57— 2.
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Table 5 Dynamic range and sensitivity test results

I3

WA T8 B
500 MHz 1 GHz 1.5 GHz 2.4 GHz
MDS/dBm —72.4 —72.4 —70.1 —69.7
I KA B A /dBm 2.3 2.3 0.9 0.2
ROF AL /dB 74.7 74.7 71 69.9

128 5T, 7650 — 23 28 W R IX N I 30 A I L R RO 2k B4 A HLF- 2 0.9~2.3 dBm, MDS 2k
—72.4~—70.1dBm, RGN EWE KN 71.0~74.7 dB, B S M P Sh7E 4 dB AN, R FEEH — &%
TR X HL A R Y 3l 25 R B, o DA D R A R B e b G e VR A BRSO 1R T — B
2400 MHz #9153 1) R G 8h G R 69.9 dB, 32 55 78 25 W7 5 X A 4% 1 o T 5 0K 308 00 5 4 14 5% i) A7
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An RFSoC-Based Wideband Receiving Platform for Spectrum Sensing: Design, Im -
plementation, and RF Performance Verification

XU Jianxiang', HU Jiyingshuo"?, ZHOU Li', ZHU Yan', HUANG Yonghui', WANG Jinyang"*

(1. Key Laboratory of Electronics and Information Technology for Complex Aerospace Systems, National Space Science Center,
Chinese Academy of Science, Beijing 101499, China; 2. School of Computer Science and Technology, University of Chinese
Academy of Sciences, Beijing 100049, China)

Abstract: The electromagnetic spectrum is a core strategic resource of modern information systems. As
the physical-layer foundation of spectrum cognition, a high-performance wideband RF receiving platform
directly bounds the performance ceiling of subsequent sensing and cognition algorithms through its front-
end hardware performance. This paper presents a highly integrated software-defined radio platform for
spectrum cognition applications based on radio frequency system-on-chip (RFSoC) technology, integrating
Gsps~class high-speed AD/DA converters, FPGA programmable logic, multi-core ARM processors,
DDR4 high-capacity memory, and diversified high-speed peripheral interfaces onto a single 150 mm X
100 mm board. A systematic RF receiving performance evaluation is conducted via a direct signal-source
connection method, covering key dimensions including basic receiving parameters, ADC core dynamic
performance, and dynamic range with sensitivity. Experimental results demonstrate that the platform
supports a maximum receiving frequency of 4 GHz, maintains an effective number of bits (ENOB) of
7.97—8.32 bits, achieves a noise spectral density better than — 151 dBFS/Hz, and delivers a system
dynamic range exceeding 71 dB. With its comprehensive advantages in high integration density, wide
instantaneous bandwidth, and diversified high-speed interfaces, the platform offers an effective hardware
foundation for spectrum cognition intelligence.

Highlights

1. A highly integrated RFSoC-based wideband software-defined radio platform is designed and
implemented on a single 150 mm>100 mm board, integrating Gsps—class RF-ADC/DAC, FPGA
programmable logic, multi-core ARM processors, 2 GByte DDR4 memory, and diversified high-speed
interfaces (Gigabit Ethernet, 100 Gbps QSFP28 optical fiber, and 20 Gbps USB-C/Thunderbolt 3),
eliminating the inter-board interconnection bottleneck of conventional multi-board SDR architectures.

2. A heterogeneous “PS-side master scheduling, Pl.-side parallel computing” co-processing architecture is
established, supporting a complete signal processing chain from RF digitization and FPGA-based real-time
parameter extraction to ARM-level high-layer decision-making for spectrum cognition algorithms.

3. A threetier board-level RF receiving performance evaluation framework—covering basic receiving
parameters, ADC core dynamic performance, and dynamic range with sensitivity—is constructed in
accordance with IEEE Std 1241 and the Xilinx RF-sampling data converter white paper, providing a
standardized quantitative methodology for RESoC platform engineering deployment.

4. Board-level measurements verify a maximum receiving frequency of 4 GHz, an ENOB of
7.97—8.32 bits, a noise spectral density better than — 151 dBFS/Hz within the DC—2.025 GHz first
Nyquist zone, and a system dynamic range exceeding 71 dB, with the noise spectral density variation
across frequency points confined within 1.5 dB, confirming the effectiveness of the low-noise power and
low-jitter clock subsystem designs.

Key words: radio frequency system-on-chip (RFSoC); software-defined radio; spectrum cognition;
wideband receiving; RF performance measurement; effective number of bits (ENOB)
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