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The objective of this research is to realize an array antenna by combining
multiple commertial off-the-shelf software defined radio equipments. The important problem of phase
ambiguity is solved by our pantented technology called monopulse switching. Core research topics are

1. the compensation of communication jitter between SDR devices and host PC, 2. combining multiple
SDR devices, and 3. Synchronized monopulse switching with communication protocol. The communication
jitter problem was solve by concatenating individial carrier recovery circuit and correlator using
overlapped ringbuffer. An antenna switch circuit comprises unit 2x2 monopulse switch circuits was
invented. The synchronized monopulse switching is demonstrated with UHF RFID communication protocol
to realize simultaneous inventory and AoA detection.



¥ X C-19, F-19—-1., Z—19 (Hum)

1. Wi Mo D E =

EHOAGICB W TEHEDO T v 7 F - ZEZ V7 BT MR O 5E 135 fThb i
TEY, BROT v7F ZEKEH VS 2 & CTHIRINE, #EOFRA A, =Xt
MG D AIRET® 2 [1, 2], WRBAIAHZ v 2 BIREDR A A Tk, 2 nDZEHKT
DX 72 A2 D EHRIATRECH 2 Z L Z iR e LTH D, ZORHRZER T 2720 1CiF,
—20D 7 vy 7 6 Phase Locked Loop (PLL) THTE D E % 15T, % OJEEE %ML
MHABEIAS 2 X 5 ICEHMRICEE L 22 0 BBOXERICHE T 5 2 L3 fTbh s, 71
v 2R %D L C, A ICHE L 7- PLL O ORI E2E5 2 b TEEH, 2D
&, PLL WTIIER: - 2RZEL 7 4 —F Ny 20 —=T %2 HWT W5 7= TR D
M iAH % ZEHEcA bR LR TE AP o7z, L2 > T, ZEHEIC PLL % ffH
TEIEAICIE, T NEThoZERERET 2720, A b—vESZFEMEANT R E
LC. ZEHOMMNAAHZFIRE T 2 052035 5 (3], Z DI Phase Ambiguity & FEiEi
Tw3[4],

RTL-SDR %I L® & LT, Zffi (FFAMiE 1500 FRRE) 2Ky 7 b v = 7 H\R2(E
#(SDR %2{5#%) »3fi#iic AFT¥%., RaspberryPie I & h 3 {Kffiks PC ¢ MATLAB
* GNU-Radio ZH\WTfE5UBICTE 2 X 9 I1C72 57243, T D Phase Ambiguity DR
H57-», HMA SDR ZEWZ R ICE D CTHEEH W CEBFRRT M, THEE
LML ZAT S Z & IXHEE, B2 WIZHERRIEZIT O LELRD Y HEL L v ) FERD o 7,

2. WEROHW
AWFFED B IZER O ZEKE HA G DS THW 38D Phase Ambiguity R % 0% 7ok
EZfED R WITE TR ICR T 2 2L, 2 LT, ZOFRIG O N 268 - YeRe 2 SEEE T
5ZLThHs,

3. WD

HIgEBIC T 72 AR 72 7 4 77 1%, SDR Z{EH L 7 v 7 FRlIc RF 24 v F &2 H/fiA
L. Z0Z2BREIcY) 0 B2 CEZIY | MOHZZIRO R 2 2 iIcd 2, REFIX D
TRZE ) ANVRAZA v F v 7 LU, RITERGRTIC, Frafes L. BAEEME 2% T
LCWiz, RIFFETIZ, COEART A TT7% XD EAWARENE T2 7720, HFREHZUT
D3 DIHEL, B A7,
(1) SDR Z{=#% L #IHl PC BlOGEY v R E B L-ZE ) NV AZRL v F v 7
(2) % SDR Z{=#ic X 2 = Rocllfz~ DLk
(3) WETO FaVMIGHEIGLEE ) SVRARAL v F v 7D R4 Iy 7



4. WrERER

(1) #lfE PC & ZfiiZz USB »~ 7 % /i L T K& SDR SZ{E5#% % 805 & L . Phase Ambiguity
DS DAREY v 2 DEREICOWTHIMI L 724558, &% 17 msec, &I 45 msec, “F-¥9 33
msec TU -ty POEICIEL DL T EERHLIC Lz, OB L T, SDRZE
a7 7 MMITC, dA—N=Fy TFTBEY TNy TR, HET L — L bENRT
EEATOMBEMT 2 CcE B X ICEHE LA, LrL, ZoORETIH, EEEHEKO X+
Y7 UANYBTETWARNED, IQ avAFL—va Vv FREELTLEY, 20F
FHBMENT 3 2 & CHBIEDEHMICE RoTLEI 2D I FL whkh\n, 2 2T,
FFIREREBGESE 2 TR XY VT U AANY 2T, ZDMRICY v 7Ny 7 7T USB
A DL ZFHIET 5 & | 1ok oicAiicE 3, 2 0EIL RF JAE# 916.8MHz T
10kbps @ BPSK 55 A5 L. 2 oD KM SDR EETZ N ENZEY VY 7L — b
IMHz THfi L 7z,

N EP PR e rae T

h

Il thm hu W"MM (i m W" wr"wwrwﬁmmﬂmwﬂm I Pt ﬂﬂ* win ;W v %‘
o N'L m M MJI I WHM I MJ\"‘ ““-”,J.MH»W|UWJ,W‘JHHWMMM Y ¥ | IR T T

MJ‘WMWMM%WMW

L |
1 1

15 —
BEES

| N

J

Sample

B 1 RBRELA—N—5y 7Y v Iy 77 2fwE 220 1Q F— 2 DREIH

FHREE % S 2 7201 2 oftlic b 1Q 7 — & oFha7 2 MHBEARIT 2 F2hE L . AHEIRE &
WK B IEIRT 2 TR DT o 72, MRTH 225, RAZRHMERT 2 72010133 %A SDR &
Dray 7RV IN T ERERD S, 29 Lk RICK 2 HBMEDSGER R IZX
20 XS ICERLTE

o= 55N N, 0.918
AR+ Y oy 7y [ 0.3
DA AOr A 0000 e
v avy7RiRFEE | 0.039

@H#E7 | 0.015

0 0.2 0.4 0.6 0.8 1
Correlation factor

M 2 FALHERT 2200 TROERNZEIE



(2) 2BLUED SDREFBDE ) NV AZA v F &7 720ICETEEFED RF 2 A4 v F 3l
R—FEfAabbe-EExEM L. USRP © FPGA #lfflic X h 24 v F %Y v x
C. spatial smoothing #1795 Z &IC X ) = L FXRITH L TH v YR b 727 AMRHID T
Fp e xMERLE (W 3),

TX antenna

B3 4ANEISNVRRA v FEEBL RF 2 7 ARBRAEERORKRT
COERBICEY 4 ATIE I NARRA v FEEE L, EERO 720 OEHREAEHEL 5 2 ICHEE
ICIFHERICK ZAMHZED BV, I HICANEECZ 5 & LA, MErickEs
5Z8d0hrot, 22T, 2 x 20HEARE ) V2B EHAEDE S L TEx4%8
X 8DE/ NNVARAL v F R CTE ZHEEEZER L, fFL72 (K 4), BfEEE7a b
a A FIfEEEE L A G b CEIfE2ERTCTH 2, b, £/ SV AL v FICBT 2 HA
FEFIZ BT T LTz,

K4 RT—FCVT42ETBEE/ VAL vy FEBRER

Q) WETr P a L EABLCEYIR A4 IV TEI ASARRL v F RV B LE L
. WEKMD £ 4 2 v ZH#EHZE L v RFID 7 a2 b 2 4 (ISO/IEC 18000-63)1C D>
T USRP @ FPGA 7m 77 I v /C ko CTHEE - FHiiL 72, X 5 IR TH Y
Target A & M % 5 ALY Window D %I Target B TE SV AR A v F 258 Y 28
bo T30 IQ E5BREEICAIT 2T ARINT NS,



0.10 RN16 EPC

Select Query /ACK
0.08 / /
0.06 target A

RN16 EPC
0.04

Query \ACK\

0.02

0.00

1Q Data

target B

-0.02
-0.04
Q signal
-0.06 -
I signal
-0.08
-0.10
0 20 40 60 80 100 120 140 160 180 200

Time (msec)

5 BETu b arBERDE ) AR RAL v FEEDEH]

THICX Y, 8D RFID 2 7o fjitaz @E [ Dath L a2 6| FRFICEMTE 5 2
& DBEERINICTH S 21278 > T

2

15

-

(=]

Measured AoA angle (radian)
o
v
*

-0.5

X

-15 -1 -0.5 0 0.5 1 15
Geometrical AoA angle (radian)

B 6 E/"VRRAyFick3ERAMRERE
[1] HEMER., "7 X754 77 v FFHi". +— 2ok, (2003).
[2] Nikitin,P., "Localization in UHF RFID, Ranging Methods Overview", IEEE RFID 2011,
Workshop on Tag Localization in Passive UHF RFID, (2011).
[3] Chen,H.,C,, Lin,T.,H., Kung,H.,T.,Lin,C.,K.,Gwon,Y.,"Determining RF Angle of Arrival
Using COTS Antenna Arrays: A Field Evaluation", 2012 IEEE Military Communications Con
ference, (2012), pp.1-6.
[4] Ettus Research, "Synchronization and MIMO capability with USRP devices", Application
Note, Ettus Research, (2016).



Jin Mitsugi

Simultaneous Gen2 Inventory and Angle of Arrival Measurement of Backscatter Signals with Multiple Commodity SDRs

IEEE International Conference on RFID

2020

2020

Jin Mitsugi

Simultaneous Gen2 Inventory and Angle of Arrival Measurement of Backscatter Signals with Multiple Commodity SDRs

IEEE Journal of RFID

2021

COTS-SDR 1Q

2022

2022




(SATO Yuki)

(80801802)

(32612)

2019

(YAKABE Mahiro)




