JAEA-Review
@ 2025-025

DOI:10.11484/jaea-review-2025-025

EESVFICLSHBIRIET THESAIEELR
Ny T EBEA DR

(E5EH%R)
—SHSFE RAMERELLETHRSREN - AMERIEEESE —

Development of Passive Wireless Communication Systems Operatable under
Inferior-wireless Environment with Obstacles

(Contract Research)

—FY2023 Nuclear Energy Science & Technology and Human Resource
Development Project —

BERFZETI MR RIFRE
fRRE IR

Collaborative Laboratories for Advanced Decommissioning Science,

[

RIEREATR 5 —

al

Fukushima Research and Engineering Institute
Yokohama National University

October 2025

Japan Atomic Energy Agency | HARTHIFZTARERE




AR LA — MIESZAFFEBFEEN A AR AR B AR E NS HAT 9 D RS H T
AKUR—=MIZVZAT 47 « TR FR 40 HE 74 B AD FICRESITOET,
ALUR—FORE (F—%Z2E8) [CEEEPRELRWEETH, FT7 AR LFEEED
TR LT 72 &V, (httpsi//creativecommons.org/licenses/by/4.0/deed.ja)

B, RUR— FORTH AR IFEHFEERE Y = 7% 1~ (https//www.jaea.go.jp)
IoRESNTVET, KLR—MIBE LTI TRETBHAEL EE0,

ENZHFFERRFEEE N HARJR - B FEEA F6 R IFJERA FEHEMESD Bl B i ek
T 319-1112 ISR IREUARHAEAS R FASAL 4 i 49
E-mail: ird-support@jaea.go.jp

This report is issued irregularly by Japan Atomic Energy Agency.
This work is licensed under a Creative Commons Attribution 4.0 International License

(https://creativecommons.org/licenses/by/4.0/deed.en).

Even if the results of this report (including data) are not copyrighted, they must be used under

the same terms and conditions as CC-BY.

For inquiries regarding this report, please contact Library, Institutional Repository and INIS Section,
Research and Development Promotion Department, Japan Atomic Energy Agency.

4-49 Muramatsu, Tokai-mura, Naka-gun, Ibaraki-ken 319-1112, Japan

E-mail: ird-support@jaea.go.jp

© Japan Atomic Energy Agency, 2025



https://creativecommons.org/licenses/by/4.0/deed.ja
https://www.jaea.go.jp
https://creativecommons.org/licenses/by/4.0/deed.en

JAEA-Review 2025-025

PEEYE I L DA R T COMERER /N v o 7 M@ E 7 DB 5
(ZFEAIFFE)
— A 5 AR S aAEEE LT IR IR RN - B e S —

R T IEPASEbERE & R Beir & Tt et
BEtF R E BRI R TE v & —

R [E SRS
(202545 A 12 A=H)

H AR 7 WP SC B 56 AE (JAEA) BEAFBRBEEIRSILIFIMFZE & > % — (CLADS) TiX, &0 5 FE 5%
RS U RN - AMEEEEE (LT, TRFEE) Lvw)H,) #FEML WD,
AKFEET, HRENF—NT 4 v 7 AR ST R I8 ETOBEFEZIILD & L
S 7353 By OFRREfRRICE RS 2 720, ENAAOTEZREE L, Bk & 7253 85 0 F RLORRER 2 e R
DA/ B DBE 2 2 CERB RS « HHE X7 LAY - SRAONZE R M B Rk & HEdE 5
ZEEHBPELTWD,

R 30 A EE DO BT HIER SR b i AR A SCH R A D JABAICRATT 22 & C, JAEA &7
AT IT EOEEEZRIL L, FEFICE T 5 R EMRZRIERSE - AMEREZ X 0 LERD)OfkE
W SEH 9 5 (A 2 A EE L 7=,

ARFZEIL, SF0 4 FREICERIR SRR D 5 b, TEEYSEIC X 24 EEREE T ¢ iE{E vl fE
TpoXy o 7 BEGEAE T OB ) OAFN 5 FRE S OFFFERERIC OV THY £ LDt DTH D,

ARFIE T, BEED NS\ EREE COMMRIEE v AT A EH A B L, R0/ — K (SN),
ALEFFET VT Y RN, BRI EREIR IS T 2 B U TR TEZRR L, DLFICEE
R EEEDD,

EASRET T T A T R MEREREA & LT, 3 JREATE M L LEHEE R & E B
L7ze F72. BUHIHEROETS AT L AL L2, SNIT, BREERMT a7 R L ERK
EET 2NV aBs L, @5 TREEEREDS 6~8 m, MEMRFTEE TIZ 6 m T 1~2 VFEEE 3~1545
TTELZE&MER LI, £72. 1,000 Gy OHBUBRIC L2 XA A — FEREE LN o2 & &
FEERIICHER LT,

NEFFET L TY XLOWIETIL, ZEEBKR NET T 74— A A=V TEERFIL, &0
FRBEIE R AR L CRERERE COAMEL MR Lz, R FIFEED CAD ME % HAvizy I =
L— g TR ) — RSO E 2 Mt LT,

BRI IEREIA~DORIETIL, Ny F T L—T T F L8R T T T 2l by =887
YTFIZEY . SN & OWEFEIEREEZ TG L7z, BUK CIXBEATEERES 1.5 mRETH D Z L 2k
BL7.

AL, BARR TIPSR O M EEICRB T D EFEEK & LT, BkRE N RFEN T
LEREERZRDFE DB DOTH D,
FEIFBR B E PRI R e o 2 — © T979-1151 43 & R EERD & [T R A i = F 1% 790-1



JAEA-Review 2025-025

Development of Passive Wireless Communication Systems Operatable
under Inferior-wireless Environment with Obstacles
(Contract Research)
— FY2023 Nuclear Energy Science & Technology and Human Resource Development Project —

Collaborative Laboratories for Advanced Decommissioning Science,
Fukushima Research and Engineering Institute
Japan Atomic Energy Agency
Tomioka-machi, Futaba-gun, Fukushima-ken

Yokohama National University
(Received May 12, 2025)

The Collaborative Laboratories for Advanced Decommissioning Science (CLADS), Japan Atomic Energy
Agency (JAEA), had been conducting the Nuclear Energy Science & Technology and Human Resource
Development Project (hereafter referred to “the Project”) in FY2023.

The Project aims to contribute to solving problems in the nuclear energy field represented by the
decommissioning of the Fukushima Daiichi Nuclear Power Station, Tokyo Electric Power Company
Holdings, Inc. (TEPCO). For this purpose, intelligence was collected from all over the world, and basic
research and human resource development were promoted by closely integrating/collaborating knowledge
and experiences in various fields beyond the barrier of conventional organizations and research fields.

The sponsor of the Project was moved from the Ministry of Education, Culture, Sports, Science and
Technology to JAEA since the newly adopted proposals in FY2018. On this occasion, JAEA constructed a
new research system where JAEA-academia collaboration is reinforced and medium-to-long term
research/development and human resource development contributing to the decommissioning are stably and
consecutively implemented.

Among the adopted proposals in FY2022, this report summarizes the research results of the “Development
of passive wireless communication systems operatable under inferior-wireless environment with obstacles”
conducted in FY2023.

This study aims to develop a wireless communication system for obstacle-dense environments by
designing base stations, sensor nodes (SN), positioning algorithms, and wireless area formation methods for
electromagnetic wave-shielded regions. Key outcomes are as follows:

For direction-finding with high-performance antennas, triangulation positioning accuracy was evaluated,
and a sensor information demodulation system was built. SNs with frequency-scanning analog and
frequency-fixed digital methods achieved communication distances of 6—8 meters and wireless charging of
1-2 V in 3—15 minutes at 6 meters. Diode characteristics remained unchanged after 1,000 Gy radiation.

Positioning algorithms using multipath tomography were validated with a high-resolution measurement
system in the lab. Simulations with reactor building CAD diagrams optimized node numbers and
arrangements.

Wireless coverage in electromagnetic wave-shielded regions was tested using a composite antenna (patch
array and waveguide), achieving a range of approximately 1.5 meters.

Keywords: Antennas, RFID, Positioning Algorithms, Wireless Communications, DOA Estimation

This work was performed by Yokohama National University under contract with Japan Atomic Energy
Agency.
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TR WG EICH AT HEAPRST D12, FRIZ, FEIRE
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IEX VORI H-20 dB D& 2D =MAREFHERTH D, XVOERIIIHT HHEEREDE
6 1E. 3. 1.1-5(b) LV RO TWD RDFH AN bR KREEZFTHZ ENHLNTH D,
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i 2 & CTHPREFHRETH 5, Back-to-Back I EIX, ¥+ V7L —rarfxy 2T, %
L ZEME T A LTRSS, ¥v V7 L—raFy M, NEHENC LD &
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<. 8X8 AT ¥ R/MIXF LT Back—toBack WEAITH Z ENARETH D, HERT X(f) I
X % Back—to—Back JIEN B 13 5L 5 M BAEIR O ZAE(E 51T TREN S,

Y25 (f) = Hrx()Hc(f)Hrx (F)X(f) (32-11)

Z 2T, Yeop(f)id Back—to—Back HIIEIZ X > T BN D ZAE1E 5. Hpe (FHITZAGHE D JE 154
Fete, Ho(DIEF v UV 7 b—va %y FOIRERE. Hr (OIS EHE O B EBERETH 2,
— 77, FEBROLHEINE TOZEREFITRAN TR LD,

Y(f) = Hrx(FHH()Hrx (HX(f) (3.2-12)

ZC, H(f) 1 3aiE o BB ERE. Y(OIXEBORIEERE COZERFEZTHH, O
& (W%tbﬁxbfx(f) . Hr(F) Hpe(A)ZBWHEETDHZ LT =Ry = 7EMEZBRE LA
s OB EEHE H() BELRD,
Y(f)

H() = 5 Gy He)

H(f)ZH 7 — Y =352 & T, = R = TRMEEBRE LB O A v 7L IR A(T)
BFEHND,
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# 3.2.1-1 USRP X310+UBX160 OffAE
HH (e
FPGA Xilinx Kintex—7 XCTK410T
Xilinx Kintex—7 XC7K410T 10 MHz~6 GHz
Sk b JE Ay 160 MHz
10 MHz~6 GHz 16 bit. 800 MS/s
B S 2N R ERIE 14 bit, 200 MS/s

PPSESIZEHE THNHERRFHE D

_ A —ERIHET
IR LA R TR DR LIS
E RPN [
NEGELLT) [s] 0 0.1 / \)-2
Tx H(EEE ]
Rx Z{2(2E |
(I DRI T
1 ¥ PN RAR
X 3.2.1-1 EZEXAIVTRBIOA A=
#%3.2.1-2 RF AA v FOtEE
HH AR
YR e Er 0.5 GHz~12.4 GHz
i AH 3.0 dB Max
. o 0.5~6 GHz : 60 dB Min
TAS Ay 6 GHz~12.4 GHz : 50 dB Min
VSWR (A ikBe) (3 12) 1.8 : 1 Max
M R/ NEB T YRR 40 ns Max
(10% to 90% RF., 90% to 10%RF)
On/OFff B[ 90 ns |
(50% TTL to 90% RF. 50% TTL to 10%RF) fs Hax

2 symbol

NS

&
W N =
E S

W L

_
1symbol time

3.2012 T v TFARA T TUHEDO L —/r AR (2X3 MIMO D&
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(3) ~NFRA > MAE

Wﬁ@MMO??ZW%7/5%%WT ~ITFRA  MEER T T, X 3.2, 1-3 1R
oz, 1O F Y XN XN TT T I EEBE LN 54 /7 —F6 /70)
F ¥ FNVPEZ 2 [FITV, G 12 V7 OF ¥ R A V5V ARE RS L, BRI
E@@ﬁﬁMhﬂnﬁ—/—Fm%ﬁ%D\ﬁu@@ﬁﬁéﬁﬁﬂW€7y?%%%@LT6Uy/
7@?%%&%;"3ZkM:M?S:V—VaVKiOT%kJ2UV?@E%%%%fO

£ ) — RIZIEMREY) =7 7 L—T7 75 HAnTEY . EFHEIEEETH D, #£3.2.1-3
W7 H— /%b®Eﬁ% %32y4:%ﬁ&%fybwﬁﬁ%%ﬁowm&%ﬁy%m¥
£20.3 m OBERBIKEMEH Lz, F¥ 2 VHEIE, JINLY —57 > RBFEL72WEGE (R—

AZATA4 HE) &L BNLE —47 y B RFELE I ﬁfﬁéiﬁ/\ TOWTAITUY, RALBRIZ LD
Relative Thermal Index (RTI) ET%@?EEE&:{E'{L%TTOﬁO

X3.2. 1512, 7T FTRENY = 1ICBTHAT o —/— N1 52EE, 7o —/—FK
3 ZELTDY T DF v 3L F%%ﬁ@LTTTO_@)/7@Eﬁﬁ%i6l7m
Thodizd, EBIEROBEFREIL 20. 6 ns TH D, £z, HHZEMUERERIT 62 dB T, 5%
B7 7 FOFE i4dmf%6t@ RIS OFRFHIEIL 54.0 dB Td D, X 3.2.1-5(b)
5 & BIERERH] 20 ns FHTIZ Y — 27 MFEE L, 258 /113-50~-60 dB FREL L B CTE D,
HEEE U 72 R OB IERFfH] ) %%ﬂunmf%é_&ﬁ%\ﬁmﬁkﬁgbf%ﬁé&ﬁﬁﬂwg
NTWDHZ ERPND,

BNTUE LR Y v 7 DOF ¥ R A 7L A IEZE D & W 16144 BE VR IE R R 38 ) A~ 7 |
JL (DDADPS) Z A& L7,

DDADPS(¢ry, Prx T) = AR (Pr)N(D)AT(P1y) (3.2-13)

Z 2T, h(IFHE L7 MIMO F % RAATHITH U | Ap(dry) AR(PrIFFNEINIEZET
VTFTOT V=~ =T 4=/ RTHDH, EHIT, FEH L7 DDADPS 75 100 ns F T IEEIERE[H il
[ZOWTIE LA E 7= DDAPS ZAE5E L7,

X1 3. 2. 1-6 ([ZHEFERNDEMR LIZRTL A A—T &R d, HEEDZOIZ, VI a2lb—v a3y

IR S THEM LRI A A=V b0 TRT, 22T, RTL A A=V DOER K ORI -
BRE T A =2 %K 3. 2. 1-5 1R T, FRDOEADIENL, WL —5 > b DEBEONE A K
L. REOXENIPRLOfERZ2£ T, WEICEDMERE R D &, BREBRO X —7 > MIED
WHHCHEE SN TND Z ERNDND, Pos. EIZHOWTIE, v alb—ra VX ARRICEN
THET—F 777 b A—UDHEEL, B EHEERREECTH 5720, WEMKRIZB N TH
D Pos. & g U CTHEERE MK T LTV 5, ﬁ\%&B@/:1V~VaV?ﬁﬂﬁ?~5
v FOYERNTHRIN TE TWHD, JERER CHENL AL E ICHE S TWh, Zid Pos. B

TITEERERR 2> T O T, KO RSS #EE OO Pos. & g Lfk%u\f:&b
ThdHLEEZOND, T2, EBEOMGMRK ERT I 2 b —2 g VI K DEIRKEOAERIC K
HERENMET L CWD RN E X DD, bbb, FEEIC if@b@w%%%RT/\
21— a NI TERL T DLEERZOWOLRENEZLND, ZNEMRT D20

\WE#%kRTyi;v~yay@#%%m®L\%%Kﬁﬁbﬁwﬁ%%%fﬁéﬁﬁ
ﬂ%é E 602, HIEMED S MPCHIHAZITW, RT U2 2 L— a VORR LS5 Z & T,
KV IEMEZR RTT A A—V OEKRNRREL 705 Z ENHIFF SN S,
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+©
)
)
<
631l m

] 90°+
0, D g
— T —>
3.2.1-3 JNERBERONT T L S H— 3.2.1-4 RT '3 = L—3 3 02 & A5

(FIIZ— 1, I F—22)

#3.2.1-3 BT T FEE NS — BT D

TH—)— K NE—=1 (x,y) [m] RFZ—=22 (x,y) [m]
1 (1.6,0.0) (4.5,0.0)
2 (0.2,4.75) (0.0,2.0)
3 (4.0,5.68) (1.5,5.68)
4 (7.04,2.0) (7.04,4.75)

7 3.2.1-4 JALX—7 v b ORdE
B —2 s NEFE (x,y)
[m]
(3.52,3.15)
(3.00,1.40)
(1.40,4.50)
(5.50,3.15)
(5.50,5.00)

Pos.

mo O w =

30

30

T Tx1-Rxl

Tx1-Rx1 Tx3-Rx4
Tx3-Rx4 40 Tx8-Rx8 1
40 Tx8-Rx8| 1

:ij W%Wm A
| \ 1

ol ok &H‘ 4 W | J-
i e

Power [dB]

70

Power [dB]

90

-100

-100 : . : : -600 0 00 400 600
48 4.82 4.84 4.86 4.88 Delay [ns]
Frequency [GHz|
(a) In R (b) A > 7L RE

3.2.1-5 F¥ R NVHEMROB LPNIEZIET T T OHRFE)
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#3.2.1-5 HFH/NT A—H

INT A—X i
RTI B EAHA X 0.05 m
RTI ¥§H/RF A —% y 0.05 m
EAHE AR A —% 2 5 MBI EMFEC L0 IRGE
EAUERT A—4 « 0.25
DBSCAN € 0.5 m
DBSCAN Nppinpts 3
Simulation Measurement
<
wn
S
[l
M
wn
S
~
o
wn
@)
¥
A
wn
@)
[l
[
n
S
[l

X 3.2.1-6 % L7= RTI A A — 0 R O (B HE E s 5
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(4) F&FH T A —H OkEt

V3ial—yva itk NE ) — RER EORERH AT A —Z OB EITo-, V22
L— g i, HEREOEREO DI AT L= RB @ CAD [Xf & Bk L7 V&2 ER L
77o K 3.2.1-7TIC D 3D ET /N EHMALLZ D ET LERT, ZOFTFTNLEZHANT, /—K
D LRI /LY A X (RTL A A =T OfFfMGE) A28 LC, AR E K OGHR R 4 ik L
770 WINERSEE 11T, i TFK &S5 Optimal Sub—Pattern Assignment (OSPA) metric Z AV 7=,

1% Neu )
2D 2t za) + (32-14)

i=1

OSPA(T,2) =

ZIZTT ={ty, w, ty} 1 FEDF =5y NOPEEOEE Z = {2y, ..., 2y} 1THEEEAE DA
Zr () TED X —757 >y B t; WCHEID B CoONTHEEY —7 > NEEE, ¢ 137y N4 T7HEBET
b5, £z, d, IR TERIND I v A7 _X—RADOHHEEETH 5,

d.(t,z) = min(d,(t, 2),c) (3.2-15)

ZITCdy FEOXY—y NEAE t EHEEY —T Y NEIE z 02— ) v REBECTH D,
FEXRENZ>M OBEETHY, N<MOEHE T & 2 #HWIANREZ THET S, 0SPA
metric (V£ 13) 1%, HEEHEIE L EO X —47 v NEEORISHT 2B B LIEETH Y, FEEED
2—0y NMEEHEESY —7 y NI RRDGEICHRIETE D, 22T Iy b7 c 1T
3m & L7,

X3.2.1-8I127 v H—/— REEIEICEM LU RT V2 2 b— 3 URERD D ST BHREE
T, ZOREIZINT RTT B2 Bk U, WAL A 20 L7z, X 3. 2. 1-9 (&S T ofilfiz
FEEE 2 [X3. 2. 1-10 ICFHRFRF# O i 2”4, X3.2.1-9 Tl&, 8 /—F&H~T16 /—F
DA OPNIFEE T SMNIZ L WREREZRLTEY /) — REBSANEEICE 2 D8I K&
WIZEWHERTE D, — . R BAYA XT 1.0 m WG OBFEDIH, MOFER & TR E
PMEL L 0.2 m~0.5 m OFPH TIIRE 2T 672wy, kLT 3.2, 1-10 Tik, FHEEEH
IR B AH A XS B DI TREHMLTWS, ZHSHD hL— RF 7 2R+
HE O RBELDIEDPHFR CEIREBIIRERR I VLAY A XERETDHILENNLETHDL EEZ
bihvd,

(a) LD 3D T7 (b) BEHEAL L 72 3D EF 1
3.2, 1-7 JR{JFREEED 3D T L
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(a) 8 /—F (b) 16 /—FK
X3.2.1-8 &7 H—/—FEELRT VI =l —Ta R

8node, 0202 - ~ — 16node, 0.2x0.2 ——énode, 0.2 .02

0.9 | |—8node, 0.3x0.3 - ~ - 16node, 0.3x0.3 — e
8node, 0.5x0.5 16node, 0.540.5 o e R e S 8node, 0.3 03
| |——8node, 1.0x1.0 = = = 16node, 1.0x1.0 - == gnode, 05 .05

——4é&node, 1.0 1.0
- = =16node, 0.2 0.2
- = =16node, 0.3 0.3

16node, 0.5 <05
==="8node, 1.0 =10

0 0.5 1 1.5 2 25 3
OSPA

®3.2.1-9 T Hh—/)—F - R7EBNLYA XKD 0SPA metric DLLEL

104 : : : .
I &node
T I 16node
o i
£
g
1010.44
w0t ]
a8 652
o 362.96
Q
£
= 179
&
= 103.25 |
-*g'_ 10
53
=
]
15

10

0.2x0.2 0.3x0.3 0.5x0.5 1.0:1.0

[X3.2.1-10 T v h— /) — R« N7 B A R XD EERR O g
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3.2.2 Y7 MU = 7 IR OFHI > R T A OREEE

USRP % FIVNT, 2.45 GHz K& TN4.85 GHz /N> R CENMES 2 IER & BH%E L=, USRP Ol
& MIMO R 31T AR T ¥ R AMEE K OME BALBRDOFIEE . ~VF U o 7 JEDT-HD
Xy MU= R OMEETET L,

B4 FEEBRRE SAL72 8 X8 MIMO MEAR[AIHE A JLiC, BEAFAXAH 0> USRP2942R J2 O} USRP2954,
PORFAE L= 2 BDO USRP X310 Z T, 4 /— K6 U 7 ORENATRE/R~ /LT VU v 7 JIE
RAEREE LT, W UZHEROMER A X 3.2.2-1 (2, #MBLZX 3. 2.2-2 1279, £7=. H
TEROHGUM ] LToR 2R 3. 2. 2-1 12, PERDFE LA 3. 2. 2-2 | TR”T, 45/ — FIZiZ
USRP &, USRP O#ilfl 21T 9 Slave PC 2ME#H ST 5, £ LT, Slave PCIZXf L CTEZ(E
MWD EITUV, BIROFIEI 21T 9 Master PC 23w U —72 (Local Area Network : LAN) &
L CHE S LTV D, Master PC 75 Slave PC ~DiEZ{EMm 31X Transmission Control
Protocol (TCP) #EIC L Vit D, 4 Slave PC TXAZ EN7/-F — &1L Slave PCND A |
L=V AE, B L<ILUDPS@IEIZ L Y Master PCITHRIET D Z L 3 ATRECTH D,

/=K1 j — K /—F3
R ~Th
USRP | | T rf 1o el [Usrp
® | e
| 10GBE|  gpio : : GPIO  |10GbE !
3 Slave PC Slave PC :
J—F2 - ) J—F4
1/: ; l i T ' o
USRP | % e USRP
LYs Al L RP

| 10G5E| Gpio : i GPIo | 10GBE |

& #8155 (REF, PPS)

LAN

it

X 3.2.2-1 HESE L 7= 01E R O
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#3.2.2-1 fH ks

AR A—T— e
ANVEYE 3T Ettus Research USRP X310
R—=%—A—F Ettus Research UBX-160
RF A A v F Universal Microwave Components Corp. SR-J030-8S
FLYER YR A Stanford Research Systems FS725

#3.2.2-2 WERDHEIT

HH (ARES
B 5 187 S 18 2K 4.85001 Gz
PV T A 200 MS/s
15 o B 100 MHz
HEREE ~ VT h—1EE
FFT %k 256
T7x v VT 128
PR IERFH) 3 il e 10 ns
8X 8 MIMO & 164 ps

BEED WA & 5 U CERBIREEIE 217 9 7290I12iE, EEH & ZERTEER L O A
LT DORIAELT O BN D, USRP (21X, 2B DR A ¥ —7 =—A L LT REF &1
& PPS S 23 2 HAV TN D, REFE 513828 10 Mz 7 v v Z{55 T v . USRP NEB
DIRFERIREIRDIENREL 2 D155 TH D, ZDREFIEEE2EZEMRCTHAT S Z L2k v B
F#AEIT S, PPSIEHIE. 1 B0 1 IV REHAETHI7a v 7{E5TH S, UID T, PPS
&I A T USRP ONEIRFH A5 E T 2 B et STk v . Z OB% % -\ T USRP @
WHEIREE 2 0 IZERET 5 2 & TR WNERREHIZS PPS (B 5 LRI L72kiB L 70 D, 72,
UHD ORERE & L CIEZ G OBMEIFA 2R ET H Z LN TE S, ZhEFMH L, #EMZ0. 1R
BEIEZEEE L, ZEMIZNZEDLETZELZRBT L2 LT, EZEXYA I 7%
T2 EWAMREE 72D, AEHELE LIZHERTIX, VE DD ARIEMRE EHERIESR L LTH
VN, AT USRP @ REF S - & PPS ¥ FIZ[RIHIE B2 a3 2 2 & TRIEBRMA O Z 1 I~
J AT,

< /T T RERIZBWTIL, Master PC B8 D / — RICRFFICEZEmE L EH L
EHETH-TH, Fv FU—7 TORIER PC ODAFIRIIZE > TRILZ A L A1 > b Tk
ZEMTOND LITR LR, £, FTHE/ — NICEERa~ > FE2EH L, £E
B A eRd Lo ICB 25 7 — NI ERmm T2 s T2 K 91c L, 2Rk v, =fE/
— KR EDOE A LAT Y NTCEZELZHG L CHOERICHET 2 Z ENAgEE oo, vV F Y
I RERICBITDEIEE XA ORI A 3. 2. 2-3 ITRT,
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Master PC = WY FEr—s7 F mEr_a° % =
KIEBMGS \  EERmEN SERBGS = [ FETTH | #ERTHS \ HERTEM /
Slave PC 1 ~ ‘ - - 25 : ‘ 2E - . ‘ -
EER | \ o\ e TEN | ZERTEA | RIERT |
Slave PC 2 : — — ‘ ‘
| _ 1\ 2ET—4
SR8 e
Slave PC 3 L — -
AP 2ET—X |
“‘ %1555%\\ | s |
USRP 1 | v| Tx I I Tx | ‘ | ‘\‘TX | | Tx | | I Tx I | Tx I v |
USRP 2 I I I v ‘\‘RX I I I I
USRP 3 I I I I ‘ Rx I I I
pps
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 [s]
X 3.2.2-3 ~/LF VU T HIERDHIE T — 4 A
3.2.3 FL®

S5 BEEIX, A4 FEEICHL ERRGET L 72 2 EIE RTT IEOEBUZ T T, RTICKVERS
AT L HERRBE WA WA E A T 5 FIEZFR Lz, V7 MU = 7 B S o &5 fiRe
BEREEEL, | HOWEREH OV TERERE T LT RA > MUEZITW, BIRLE
TFHEORINEEMER LTZ, 512, RB @ CAD XE % AW CHINEOF B R 21— a v
ZEUTHE ) — R - 7 — FERER EORGFNT A—Z et Lo, SHHE a2 &g L
7=

Fo. m—AL 56 R Wi-Fi6 &5k L CEBRBRF RTINS fEETh 5 2. 45 GHz £721%
4.85 GHz /N> ROEWE A RGUCTHIRD Y 7 b7 = 7 B 2 5 U, eSS nlRE 72 s
AT NEAEEE Lo, USRP OFIFEI & MIMO AERKIZ 31T AT v R AHEE L OME S LB F)IE
EeNT VU TEDTDDF Y b T — T HIEHRDOHEE LT T,
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3.3 EERAMOERAEII T 2 IR U T AT IEIC BT 25

(50 4 4R & CoMEE]

BN 4T, POV ICRRIT BN F b L— 3 U@ UC POV NER®H D UWOME RPY £ T 3. 3-1
DX DB EP AL L, PCV BEMICNLE 92 8 B el 2 & POV N itz o -
EERE S D720 2.45 GHz AR L, — THREHRE Y06 Oilak 2 fFEfRk o b
4.9 GHz WA ZAGFIREZR T 7 TR 21T o7, K 3.3-2 1T RT X HIT, 7 bF 7V EE
(E14) ZHWTREL, FULr V7 1R, Ty 7V 7 8FFOERE- Ny TFHET
YT EEE L, BUELE T T T ORMEERH L Te, 7 T RIS ~D IR A e fg e R H D
Z LB, POV D & D AR A3 KT S 7o sEIs T e L CHERR = U 7 2 JE R L. SN OBINL AT
FODT T FELTCHELIEMEREE LS EER LT,

BB R, BAEREEEEL . B AEEICRBE LT T T ROSNHT T FEREN
BIEZAET T E LTHWE & & OBERSEEREZE(E - BRGEOBLED LRHMET 5,

RFFEmMES(EERE)

avay—k

X 3.3-1 PCV R O'WHER~D BT U 7 IRk
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(a) 7 o7 FE 4w (b) 7 v T F A i

-

IFi 50 A 2 s

PCVPAHER A ' i
Sz
Ry R M=% 7 4

KRR = R 7 &
() 7o T FELL T LI T IVERE LA DT EE
3.3-2 W4 FEICBR L8 — AT T
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3.3. 1 [mikEEBEREAR

R LT T T AT B EZHEET 272D, B W3BE L, 2 20ilEE T
HOHEREEZETEXDILERDL D, 713, T/Tft/%WT®@F%W@¢®%ﬁ@
720, X 3.3. 1-1 DL ITHF A HFERIEOT T HICR LTT7 LR U7 VERE 2 T
WMEL, 8 RBIZETTFTTL—DOND 1 HFOHENLDEFINEEZWE LTZ, 2 T,
SC BT RERBHEEET T T OIS L CEBERENTEREZIT- 7=,

FEERIZIBUT SNIZIE, AF0 4 B2 TRRE RIS CRA%E Sz 2 (5@l 2 k63 % SN 2 v
72o SC HETRALZEPENEET T T oZET o7 Hicx LR e EEEE S &
DIz, MET T T EZET T TII 0B L CTHARLE LTV A,

SG THRAESHT-2.45 GHz DIEENES 1 mOFRfH7r —7 V%8 L CRET T T 1% ER DA
B AR (T 15) IS K-> CEEENOEBRICERINEE T T ISR ESh S,
BENTEBRITEET T T OB OEA S SN AZANT THE 4. SN IZB W Tl o 25 #a
B S, ZORBREZET 7T TRET L, ZEEFIL. BES InOREr—7 1%
ﬁufz&a%3A7%34%TMEbkoM**‘Té%ﬁ%%SSLﬂ:f#o

NIZX, 2T oo ETHEI T A~ a2 PR FIFonTEBYD, SNWAA v F
@i/ﬁ7%@0§zé_kTLLmﬁ&®%%%ﬁﬁ S D, ARFHIIZ BV T, SN S
aVFUYERDALTCYA aBEE A 7IC LI EOZET VT TORERFL, 2
TV EROAMT L EOZEEFO 1 SRR RKLNAVEZHR L+ 72 EENEDR DD
BOIESBENTRETH D L+ 5, 7o T -k ViEMEA 0.3 m & L-& X023
1550 1 MR RKAE ISR 2 K 3. 8. 12 12T, A I UBREEL TWaWEAETH- T
HERT T TN EEZET T IR ZERE R ERET T T e G L
TRH SN D ERER D DEET D, T, A U PEEL TV RNWEATH-THx
FEEBFOBIEKRETH D 4.9 (Hz IZBW I —EDZEREF VU NGFEET H, —FH T, <
A ANZE DAL T A UL, B0 D OREREEN @20, ZEEFEERTH
% 4.9 GHz TOZIFHEENFm,

AT UV OFEICL ST, SN~ A I OEWEEZ YD X RO T T Tt Y
%1% 4.9 GHz TOXZEES 1 MR XIEORMSAAZM 3.3, 1-3 (2~ d, 77 -t FilE
BEDRRZWNE EE DD OIRERREN/NS LS80, —HT, #HET T T bE#ERLD
Lo AR RSy DFREE XA L7222, WV4:/wNﬁ@%*$ & OFF B DB /17503 N &
<72%, ONBFDZIZE 1NN, OFF BidE /1% Rl - 7235-A121% SN OZFE 5 2B T & ez
O, It AEEZHEE TE SHEEORA TH 5, T/Tf—mﬁﬁﬁlmi@ty%
~A 3TN ONREOZIFEIOTTN OFF REOZEE N LV REWZ Lb, BT 7T % H
WT 1 m ETOHRBEDOEEDNHERTX I,
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- /| oY — R

7 T =t o R R

(a) BT T F D& (b) & H=7 7 Tk
[X]3.3.1-1 {=%FEEE O FLAEH] T %R

% 3.3, 1-1 [riEEREERAL S ER O HE T T

EEWME D 19 dBm

EIET T T EERS 6 dBi

BEr—7 VK 2 dB

) i — R o A AR 2K 0.5 dB

ZAFT T T EER 3 dBi

SAE A — 7 VAR K 2 dB
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=70 :
- . Y <A 30N
-80
& -90 |
B |
R i
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I -100 :
B :
-110 !
: |+~ A T OFF
-120 '
4.9 GHz
B
X 3.3.1-2 Z{EEED 1 4R KA B 3 Lo vt
70
-75 + oY~ 30N
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R 80 |
i
mg
EX
¥ ~<4a0FF
_85 L
— e
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3.3.2 BfEMHIERAL

WIZ BT 7 T2 lBERIEICHAT 22 EAEL, 7 X U7 LS 208 U T POV,
RPV PNIZE B A TERL L. Z DT 7 BB 2 st ZET 7 8 £ 1+422TH
WTZIEREBE2ARKSZIE L. SN & O@(E 2 v RE72 IRk 2 374 L 7=,
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