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In the Solar Power Satellite (SPS) system, a power receiving station sends a pilot signal to
the SPS. Electric power is sent to the arrival direction of the pilot signal. Normally a
retro-directive array is used for this purpose. We propose to use a spread spectrum (SS)
modulation for the pilot signal. Arrival directions of pilot signals from multiple directions can
be identified by the SS system. This is useful in transmission to even a single direction because
it is robust to interference signals.

We have made experiments of the proposed system. A SS signal is connected to 2 phase
shifters. The two outputs with different phases are connected to SS receivers and the phase
difference of de-spread signals are measured. The errors were within 3 degrees in an experiment
by a dedicated SS receiver board. This board has a function to prevent locking into the same
timing of the same pseudo-noise (PN) code as that of another board. If two SS signal of the
same PN code with the different timing are received, these two can be separately locked and
independent de-spread signals can be obtained. The errors ware within 4 degrees in this case.
This system simplifies the system because all the receivers can be prepared for a single PN
code.

40



ART N7 AHBEBERZICRA LA 7 0l E— AG MRS R T 5 ORI

AL, HPIER, AL, HIRERK
FOER R Sk v g AT SE e v 2 —
(E-mail: kozo@kurasc.kyoto-u.ac.jp)

FAX: 0774-31-8463

1. 2B E

SPS (Solar Power Satellite)lX K5 EM TE- = E 1 &L EN D~ A 7 v THi B
~A 7 BFETEDLVATLATHDH[1], FEMEICH L CENEZELIBEBNHELRES
NTWAER], ZNHEDYATAIEBNWT, —2(H5WIEENU YD HHICEN 2%
FIEIZDOWT, FBIEIOY VR 7 ATRELEZ[3], Z2OZERNLIIANA 7y ME
BRELI, TOFMICENEZLEDIDITTHDLN, ZTNLEXNT LD ART ML
JERT R E WD, BBEERIETEX 5D T, ZEANR—D2OHETH-> THLH M
T b, HENIBRAFE T DAY SAALHTRUIT K DT MmN S04 7y MEZD
Bk G AEREST D AT APk 5,

20 AR MR FRICE A XM oy MEBEV AT A

ANRDI NUVILE S N CTONRAE L

SRR—F

Code acquisitionand tracking block
S PN early |

v PN latej

o
PQWHADT(J
D
---------------------------------- I;SSI*
Antl IMD :é—»ﬁ—'—» Antl CW

A | RN

A gtz IMD—P@—».—@—» Ant2 CW

*Received Signal Strength Indicator

M1 A7 MVIEHE SEHR WEE) AR —Fo7r v 7K

BEDZERNOIEART MR ENT- M a0y MERE2EET D, EEMTIE, —
SOUELEOT T TRIEL, FNENDROE G ZWYEET HFEIC J:‘Qﬁﬁﬁ%f\ %R
TOOFRIEEONMAREN LB G IANCET A ERNE SN D, AT ROEEE MEET 5

W2 1R T AT MR R CONMAR I 21T 5 72D OW LB EH R — K&

41



TEVD . MiFRZDOREFEREZIT o 7=, AT 10.7MHz ThH D, AT MR E T
EEDBAD S, WL RO/ 5 TiTbiv., ZOMNOMNHEEEZRET 5, 551
T A DHENVERBRPT BTN T S 7 b F OHIEN T HAVUIN A Z ORI EIL A HE T
bHo, ZhE, EEEAWa—FHERCZERNOD T 0 — KNy Z 1§ L % [Fk
WCERLCEDLIZENAETH DL 2R LTS, X 2R Tk T, B CHHE
G2 ODEFEANN L, EOMMBEERNEZIT>7-, F v 7L — MM 1.25Mbps
Th b, NIMFZETT 5 AR ZEDORRAER OB 2 X 312R3, +3 R DR
EZND D,

COS
E =R
e | N S el RUi:E- gl LD
~—F I —— [ #—F [Y&®:EHLpr[
IR
- osEmmE. YA
L |
X 2 H—{5 5 ANREOFERDO 7 v v 7 X
4
3
2 I
%1
&0 360
H -
2
-2
-3
-4

®wiEAl ]
X 3 Hi—{5 75 A STHE OALAE 22 HH AR T E 1

3. ZoDIEBAEEREZE LEHA O

CODRRDYEIE RN TRRT S Z EIXMSRTFRETH S, [A— DG 5 Th -
TH, BEWOHAI IR 17ayr (Fy7) LERRE, #EIEEET 5 O A
FBMREIIE B R OWE & IEF DRV D T, KBINARETH D, TOFEBROT o v
M EfEREZR AT, MA@IORENET 0 v 27ROk 512, o0 fkR— F TR —
DEF LD AT MVHERIE B2 RAESE, a v A FTAEKT D, IEEHFZTLE LT
X 4R ST AR TR KD RPN EMHEH Lic, g ofides T OO iR — R
AT 2, B A4CNIEE SN R ERE ST IR TH 5, X 4d)xRBAEN T

42



DB S T AZG 5 Th D, K 4E)XFMIN ENTHIEH SN T RWEE DE T 52 R
LTW5D, OIS X202 G (K1 FE) o7 4 vZOfETHD, [H
—DIEEHFEEHWTZGE, ZOo0ZEEN EBIZRUZA I 7 TRV CTL E
21X, A HFDES LB TE W, 20710, —F TRBABRIAIZS 5 —HiZZD
AAIVTTHRHRAMLZWVWE S IZT D200 RERFIME TS,

(@)
‘ Spread board #1 ’—\ ,—‘ Despread board #1 ‘
‘ Combiner H D1V1der
‘ Spread board #2 }—1 \_< Despread board #2 ‘
(b)

T BHLES

/@\T @
EHE,'_}'EE}E
- #ﬂﬂﬂﬂ

SPAN 5M RBW 30k - SPAN 100k RBW 1k

?ﬁ”ﬂlﬁﬁiﬁk‘d)f—&)d) SINTRAE

4 [F— DILEFF 71T & D15 IR

Z ORRISAE T CHiE & RIS ZRE 21T - 72, T ORER, K S I1RT X 5 IS/l
RRZEMN 1 EREEINT D Z ENbho Tz, ZHUXFEHZ B> TV 5 OAE F 134 &
R7pE&ndl=®, SNEBMEFLENDEEXOND, ZOERTIX, —OOJEHGES
DO EE W ENIEMRICHE U Th D MLENTENR IBIE 507 0y 71 ZEHTH D NE
N, FHEZLEDZENRLEE LW ERHON ST, 7y 7 RTHTND L
WEMNIEFITENZ A I 7 EZL LR CIZRD Z ENH Y RN TR b
NHThD,

HAI VT ORRDE—OIEBEFFIZ LD AT AL EEZRAESE, TN HN
XATEDZ ENFEFES NI, GPS Zfli 9 72 EDHILIT LY, FAFlOBNTL2 A4 I 7
DR DESHHENE, VAT LAREKTH - DOIEBREEEZHWD ZENTE S, Zh
LT AT LADOMFEITRELS BT 5,

43



_J':

] 60 120 0 240 340

i tAERED ]
o

BfAlC ]
X5 [R50 A5 5 AN JIREONARZER H R 7 1] 2 5
4. 3N

TR GRIE 572 S L DREEEN D7 i@ ngh <, BT m~0~ A 7 v B sk
FRIZBT D, XA a2y MEBOMAERE Y AT LOERFERZR LI, LUAFR—F
TO WL ONFI LI RSP A XY MRS AT ML D% F v o x ik &
HARFTFROER E#ITHoTE, N Ry =T 2 SRR T 2RZ%2 S T 720 0M
FHIMETH LN, F—HF5DEaE280H, BIEIXEIETE TWndH, AERIX 10.7MHz
TITONTZN, BB E~A 7 a I ERT 2 EEZERR L, B E CEEICERE
WMESETEREIToTND, IHIZ, EEVAT LA EMAEDETREERZITV, JEM
TOE—AHIEEREZHE LT\ 5,

B
AWFFE O —FIL) AATH 7 +— 7 L O® 215 TIThbiv,
PP AN

[1] H. Matsumoto, Microwave power transmission from space and related nonlinear plasma
effects, Radio Science Bulletin, 273, 11-35, URSI, 1995.

[2] H. Matsumoto, N. Kaya, S. Kinai, T. Fujiwara, J. Kochiyama, A feasibility study of power
supplying satellite (PSS), Space Power, 12, 1-6, 1993.

[3] A, A, BEOTH~D~A 7 n kB AT L F 1 EFTHKEGHEES AT
L(SPS)V ARV Y AGEHE EH, KGR ERENIER, 67-70, 1999.

44



