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Development of Imaging Riometers

Hisao YAMAGIsHI', Masanori NisHINO?, Mitsugi SATOZ,
Yasuo KATo?, Masayoshi KoiiMaZ, Natsuo SAaTo!
and Takashi KikucHr®

Abstract: An 8 by 8 beam imaging riometer with a view field of 180 km
by 180 km, spatial resolution of 20 km, and time resolution of 1 to 4s has
been developed in Japan. System design is described with some stress on the
difference from the first imaging riometer system, IRIS, developed by the
University of Maryland. This system has a unique capability of displaying
absorption image on the real time basis with the aid of QL software, which is
summarized in a separate paper. The performance of the array antenna
system is confirmed by simulation calculations using the galactic radio noise
map at 30 MHz obtained by CANE (Aust. J. Phys., 31, 561, 1978). Procedures
for absorption image forming are also described. Some of the absorption
images obtained by this system are compared with optical auroral images
observed at the same location at the same time. It is found that the both
images show a good similarity for morning-side auroras. It is, therefore,
concluded that the imaging riometer is a very useful tool for monitoring the
auroral form when the optical aurora observation is difficult by the sunlit, or
weather condition.
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1970 44K, NIELSEN 2 (N4 v, =, 7 A7 5 v 7 BEBAKWER) X, HFHTE
THRFOBRIFETH- 7V + 2 — & — (Riometer; Relative Ionospheric Opacity Meter
D) TPHDD_R Y YN E— ANBRAT VAT VT FRERL, SV FE—AY XA —2X
—BEEBAR L e, 20 AT A1k, RIEROL, B, HOXKEA 30° FAXHEL, £— A
Mg 13° o= v oL — 21l X ) FEHEHMEST R (Cosmic Noise Absorption; CNA) %%
10km OZEOMBETHE TS ENTES. HHiX, A—r S 5% 10keV HETE
FHEEE, ERBEE CKTFERE,H 10km DTeRELIRLIEEGLHHZ LHRLI
(NIELSEN, 1980).

FOBEEST 1985 FiT, - AfE 13° 0y o — A% KIER 30° #HEANT 6°
HACHEETD, MRE) 4 2 — 5 - ¥R, FEEMNEHCHREL - (U5 - %,
1989), X b+ —wF1cffE>5 CNA DOFZEE (YAMAGISHI et al., 1989) =, RETH FiR
BO VY 7 MM (KIKUCHI ef al., 1988) ABEL T I Nt T OREE Y 4 2 — & —13,
BIXEEE (~90km) T 10km 5 ERCZEROREY 20, A=) =77V
5 (BALSLEY and ECKLUND, 1972) # FH\» T\ 5%, v —AFENT v F FHEICEZ T
HERCREZINRTLEL, CNA DZRTEEXE S LIXTE R 1.

ROSENBERG 2 CKE, 2V —F v FRF) 1}, 8 Ko7 w2 g4 E—-NTvFF% 81T
8 FIDIEEFRFIZEN, Fo&£7vFr+HI% 5 —=1+ Y, 72 (BuTLER and LOwE,
1961) iwE < Z LT X b, ZKRTTHICEFIT S 49 KD v v e —a®xfE) 3 L)
L. oz o=kt CNA HEBREKE (1 2 -2 v 7V +4—x—  BF IRIS) %
BER OB AEMCHREL, & 10km 27— 10 CNA BROREREORIELH L
1z L7z (DETRICK and ROSENBERG, 1990). CNA E&EHAIOFEAR ATz hr b - THET X
hick Wz b,

HF#2Z2 ROSENBERG HELHT, 12— v /) A2 -2 —-DARCEFLE. bhb
i, 12—V 27 ) 42— 2—-2BEBEMER - L OMBIAXBRRATHLTI ATV P
REL, CNA EEROBFILEREBRBMNELIT > LxFE L. v AT 20FChHic-T
i, MCERIA Y = VTR T S 4 - v I TOAF — v SEBNCH T % /o, IRIS il
NEWERD e (~20km) AEBRA L SEE L. Fh, BbhAKT7 v rBH
TS MEWND, 7V T rBERTELILRTEFERIORTH L L. bhbhof
A=V T YA A= 2= 1 BEIIBHFO T e 2 7 F ELTI1990 4, 714 25 v NI}
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FYATLEBWT, Tv7re—aflfll, - FRBROFRIA-VFLavEL—
#—iZ X% [QL (Quick Look Dig) ~ AT 4| A fTFo T 2. AT ADRREER
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B, T2 uBENT 5 ETHMATRO—ENMREE S ST ELDH 5.

—F, bhbhD k3, BFIFRCETCLA K- 1B ~=54 (K1), KFEHRO
BAER AR -7 VT30 8 OFREOHET, BRMCaLRL. 2, K1k
WTEA E= AT v TFFOREL 5 LOBREEAFACES BB HACEL. Z0kD7
vIFERTFEMEES » 7Y v 7AEREHECHENEIRFASAKRE D, KPFEOIERMEIT
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Fig. 1. A plan of the imaging riometer antenna.
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Fig. 2. Structure of the dipole antenna element of the riometer antenna array.
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Fig. 3. Schematic illustration of the array antenna
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¥ 0, BHEIBHYAET L d 2/ EFhid kv,

B 41 dap 05 & 065 DEED8ITEHTLvADE—L"%—vimT, Kball
7vFFrE—2u0 —3dB OIEH D BHEBRINESE 0km i Licb D, M 4b R
B CEREEERLELOTHD, Mbo g i0s 30° 2Rt di=0.65 n5a, 12L&
AEDT vFFE—rxRERHLETS 200km UHOFFRIZAD, F—rF72RH 2T
MRS R GCERERIC e B Y, RS L LT 20km AERTE LS. 2 Uk IRIS
AT ADZERSMREE (9 30km) X b @V, —F, d/2=0.5 %4, SRR 400km
WAL B B py, REMEO € — 22k, SERLHO7 v 77— 23F L CHRE
L, chboE—22X vl InicBIECKEAMESLE LD, T, REFMED
ZeRAMRAEIE 25 km FREE S 3 2%, BEEE T 60 km BREIC S,
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ZEREEN S bR ADT, d2=0.5 O X 5 R VEMSFCEARTaE 2D, b
5—, df2=0.5 BETRHAREERELD D, FAR-LT7 vTFHREIANFEE DR
bhO7 vFF AT LT, dA=05 YT T 2 EBET v 7 OB ERLTLES
ZETHB.
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Fig. 4a. Projection of antenna beams of an 8 by 8 dipole array at the iono-

spheric absorption layer altitude of 90 km for 0.65 wavelength (right).
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Fig. 5. Contour display of the directivity pattern for 7 antenna beams near the
edge of the view field, shown as hatched area in the antenna beam dia-
gram in the bottom left corner. Grating robes shown by arrows are
found for outermost three beams.
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BRABTYBEER CTEERETRT LELIOTHS. EEROMEIZXAS VE—2DE— Z7{HED
5 —3dB (kZEH), —6dB (M%), —10dB (58 2 rhEfhmlicd 0T, HER
ADE— A TRBFORM IR S v—T 4 v/ r—TRELHT Lvbhb. —7, di=
0.5 D&, Bibsrv—F 4 v2rr—7%E U\,

ERbhbhil, ZEoBECESYEY, 7v 7R THRE LT d1=0.65 % F#RL
fr. TOBE, ERROERY, rv—F 4 v e —TOREIRTETHY, F— 2RO
Bieyv—F 4 v7e—70BYRALRCX 5, EEIDLETHS.

24 AT MYIZR

IRIS v A5 4T, RKEHFRAOE—-LAXFRTHIcD, -+ F—<t ) 272 (BUTLER
and Loweg, 1961) B &E*nx, ST 8 77 v+t T 7507 vFFr—ank
R T B {rk~ bV 7 2 %R L7 (DETRICK and ROSENBERG, 1990). :ohioiid, BUTLER
and LowE (1961) OEARFIF ¥ 1 v 2 BHEL, S ANS NP S—=1r ) 7 2%HKK=2=
» b E LTER{EL 7. Z oFE#HE Dual Inline Package i2ffid itz 90° ~1 7 ), ¥
(R & K ##i, PDQ-4-8P) 12 fH L, REHRIC X 5BER:OERIND (K 6). ZD¥
w8 XF, 2 B, G 16 BVAHZLITEh 64 AS 64 HADMKE~+ ) 7 220
mEaht, HADERBFIN 3 WRT7vFFrE—s0xnZhicHinTs.

25. B E &

A~ ) 2 AHNT 64 BFH D, FFC 64 KDV oA — BRI TS,
ZZTINLOMTREEINENZESLER T, GRORMSBE BLOADZ Ltk
B0, 64 BOZEBYIESLZ LREFEH TRV, —F, ZEBY 1 ARTAEL, Th
SOMFIIARY ) B2 ERTHEIRLBEN TR H 305, AT 20RREIEENEL Ik
5. FZT, bhibhiIfgEodz s 8 BOZEHEHAEL, hxpd—Fo7 v 7
FE—AERL, BESFIOY— 2 R, YV EBXERTAHZ LTl F0ELILL
=Y 7 ARBICHZAE N8 RFI8EEEO LY XA+ — FAA , FITX DITL, 3bit
DHFEES Tz P e — L.

ZEBIIT A ATV Py AT ATl LaJolla Science #mD ) 4 2 — 2 — R, Zh
REEEENRT A5, BlTHDC &L, FEILE B (1 4Hz) o0, BREHD,
A Y VR YV AT AT, MEORTC LD Yy I av -y vEIZFRETE
BrHfEL, FALLE. BEIRRGXS MR CHENERNCFERTE, FRELEY T2
W< ($ 10Hz) +52 L0 TES2, YPOEBRANTRRERE® T2 Tlhed o k.
6 ETHAND LI, VoA — & —FHETIHERMELETBRMOBRE T — 2 2 LERY
CRDDLELND Y, 0, ZEHOAMFELK 0.1dB UHNOREE R R OLELH
5. 22T, phbhIREMEBRLYHZIGAL Ltk y, EAEMEE CEEREEY
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Fig. 6. Diagram of the 8-input, 8-output Butler matrix. Length of the delay
lines marked by open circles is expressed by the wavelength in coaxial
cable, 2'. Each name of the output port corresponds to the beam number
(see schematic illustration of the beam directions).
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I T A REREEYRE L. COFRBRMEIANNH 80cmx80cmx80cm B », JEX 10cm
DMBHR (77 A7 —1) LEVEELD., AMCEE=2Y - ff&e—x— (HD
120, 180, 300 W §J&) 735k h, BElE»H AC 100V Z{#5 L CTEfEX 5. RIBEFE~D
ESr—7 A0 ADIZBEK, FRCEETHILEN DS, bhbhul, FREBEMITEFK
7 — FEEO MG, ZoRcmTFRYERT, TR0 B SRk — 7 vl & Bl
X TRIBHERSA~E X, NHoES S8t L. ZofRRBER, B cERT 2548404
SR 20b 53, Rk 10°C §iRk>Z L2 T& 5. BAENTEFCBARBKRLIT
5L X, b—x—%Ys THLREBHOEBEN 30°C PhickoTL %570, NNIBRSE
XA EAL, BEOHRE EFLXP\TW5.

3. Blllics a7 v 7 FEROABREA

A A=V IVFA~Z BT VAT VTFORTFTHEAETAR=AT /T HITIL, 7=
A a7 EAVKEEER A - IV ABASUyRL DO BRTED, AFS0Q KA
Lo TBN, TvAT YT FRBARES, FTFRHOMEKEEGC I, BER»BRL
TYTFAVE=FVAREEMEG0Q) hHTha, Fl, A A=P Vv F )V FA—2=T
FFTREROT v 7= sFAkfEY T, &7 v 7 rRFIC—EDMMHE THE
BMibhb., Zo%HE, RFHEELAERIEC-2FmcLh Rz, fE-C, 7v 5
1V E—ZVADEFENLOThI -2 AT LICRL- TS, £2T, bhbhik
BRHEEOFLE HOLREFEE - A2 LT, RSEEEENHBLEhL LT v T
FTOAVE— XV AFEXTHSZ L Lic. REHME—A3&e7 v rBnEMETHRES L
HEEICHYST 5.

A Vv E—=FVAREERIUTOFEIETITS. 64 AD7 v 5+ XTIHRETH - LT, £S5
BEONEEBSEHC DD T, 16 K (4 17 4 Fl) OHE/NELFITHEELRITS. 16 Ko7 v
7 FFEFEZEREL (30.0MHz) TR THIEL, FREOT7 v 7 FHaEHICOVLT, *
v N7 =27 FSAF - ACTRBEORIDEA Z3T VSWR (EETEHEHL) %
PiETH. VSWR pg/heied X 5 2 ofgBERC A2 7 (T Bha ol UicR - [RAEE) »E
DT A, A& FOEROMFFE, XL, A AFERT VSWR oZ(bRinE R b5
THENCEBEYHRDS. ZDIS5CLTRDOIAICAZ 7O EZE, Rl
2o T, TRNTOMEMCAZ 7 BT 2.

ZOVFERT S oDy, —EBRNTT v 7 v T+ 2 EBRORESME LD BT S
DERSHY, M1IRERS X5 RIAEVGCEHALEICR S, bhbhizB8IToLEERAY
STE tEFMBOLAIC, 7vA 7 v 73 0eFRFRERERLVICERL, o1 ve—xv
ARBERELT oo, KM EOT v 7 7 OBGHHEEE, KhtoRFEEROEIZL W ELZ
T, chxiiz sy, MEcCEBRKCIS 75y F o v—v (£BE% »EH, K&
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Ry —FERFEOZENDETHS., Ll 0m MAChi), BELARERY D75 v
N7 V=V REDZLERBS TR, BINOERTRII/ISVF T V- VvELTIVE—4
VATREERIT- 1.
AVE—ZFVAREE, 7TvA7 T~ Y v 7R, ZER, QL VA7 A%
L, YA7 22E0RERBRELHFRBEBEEORBRBA LT - . THMHETH 58I
ODBEHMBREZILT LI BIF s ok, RHEE, SEFNEREOZMEEY R 1-2E
BEEREDOHEMBLrE LN, S ETERAT2HMME ~» T2AVLT v 7 RAk
DHEREC LY, 7v 70BN NRERTERVER IR TV B Z L BRI L.

4, TARASUFRIRBI BT 7 FEE

bhbhDA 2 -2V 7V A—2—i}, TTRI VAT APIBROBERCHE I L
T, KV AT 22 BRBEBCHRE T 2BoME R, BHEEED S O2RS-. FIZIE,
7Ty 7 rEMoORE BB, B, TES), BEFEOME, KELMETHD. TR TA
AZYFVRATARHNCED, T T rBEORBELERTOWTHEYRNS.

1990 4£ 7 B, Uk, BT A AS v FREEER T.H. = A v VY vEROFHED
T, 7HE— 7 ELOF 2 AR AR < FIF OWEH (A, 74 F AV VEFE) o4 4 —
YTV I A= R =T VTFFERBHR L. TV T FEMRERC B & A B I e
HT, WEAH200m OHATHS. 7V 7 FOBMHIIIR 1 TRLEERD, 50mX60m
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Fig. 7. All-sky map of the galactic radio noise intensity at 30 MHz displayed
in the galactic coordinate (after CANE, 1978). Concentric circles in the
figure are traces of meridian antenna beam directions of the imaging
riometer at Tjornes, Iceland. The numbers along the traces show Green-
wich sidereal time.
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Fig. 8. (Broken line) Daily variation of the galactic noise intensity to be observ-
ed by the 64 antenna beams of the imaging riometer in Iceland as pre-
dicted from the all-sky map of the galactic noise intensity shown in
Fig. 7. (Solid line) Daily variation of the galactic noise intensity observ-
ed by the 64 antenna beams of the imaging riometer in Iceland. Abscis-
sa shows Greenwich sidereal time, and ordinate shows relative noise
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Fig. 10. Scatter plot of the 19 days of the riometer outputs for a certain beam.

The upper curve is the quiet day curve obtained as the envelope of the
scatter plot.
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Fig. 14. Stack plot of the absorption curves for a line of beams in the east-
west direction (upper panel) and the north-south direction (lower panel).
As marked by arrows in the upper panel, absorption regions are found
to drift eastward repetitively.
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Fig. 15. Comparison between optical auroral images (upper panels) and the
absorption images (lower panels) for a corona-type aurora. A dark
color corresponds to bright auroral luminosity. The absorption area is
much narrower than the luminous aurora, and it crresponds to the most
bright part of aurora showing folding structure.
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Fig. 16. Comparison between optical aurora and the absorption images for bright
arcs embedded in diffuse aurora. Form and motion of the both images
are quite similar, suggesting hard energy spectrum of the precipitating
electrons.



AA=DV TV F A — & - DR 249

bhich—rSOMTHL. ZORTERF—rF L4 — v SRINEBITEOHE, B
Z<HENTHS. ZhIBIAOMARCEY, BTEFAXZ F AXBREFEHOE=
ANF ROV EB LI b DB LitedbEtEL RS,

—RENC, ERFPEAFLETIBEOFER A -5, SO+ —r 5 TR¥A—rS5E
EA—r BB IS, —F, OB Z OB A —n 313, +—r SRIRY
b WAL DS, 2O X5 A TORBTIE, 1 2 -0 v 7yt 2 —x—gE
*— v IHFEPULRITRELEET (BRT, EXF) TOF—r SHREEHET 5 EHDK
FERLLTERTELLELDNS.

8. ¥ <& ®»

BIT8FIDT VAT v T FhDBRAIA A -V IV A2 —2 =% L. AvATF 2D
TYTIHEEIBEO VAV LAAR-AAbh, BRAVNESTHD. KV AT 2IEF
180 km puJ5 % Z2fE]rfifRE 20 km, BEfE]rfifke 1~4 BTHREITHZ L23 T, BB
TRIEMH T CNA BEXRRTELHEL 2. 64 KDO7 v 77— 2 FEZ, HEAMXELH
AR E A, B ELVOFAEZENTVDHZ EAHRTE R, 8 LREFENE — 21,
Tv—=F4 v Ie—TNEELTW5DT, HFEEELLETSHS.

RYAT 2L, TAATVFE, TOMBRIEETH 2 EEBMEMRE S, +—
v SHREOEILERABEOHEBHA LR DEN, AL, VA r VT LREIh, BE
BEAROBRNBEEIAHRE I LTV 5.

TAAZ Y FTOHAN X HE, A 27 212, REERROBRLBE OEEL S A
T2 EMNTES. 2l —r 5 LORBEHEITE, BEXM170A—r5 (ERLH
ERHEOIF—rS, SVEe—TFT 4 v IF—rTF) LAVATATL S CNA EHGIIED TH
LTI TH B Z Ervbd - fe.

| 2

BRI 7 E BT & Al BRY KRB R (STE B1), BERAWET
DOHEHFEL LTHED LR, JHRE CXB Y - EVBBF AT FERBHE, TR
LWEB LD LT D, ZhOOBBOBBREMICERMBL 3. EXAB*LELT 2
TVAT VT FORE, RBREAICEL T, STEREIIAFRO 75y v FEEMichb
ERIE TV Wi, ThOHEBRREEYE 2 52 LW IRAeiwWi: STE BHEFPEA
ERCEBHLET. 7v 7 -0  vE—# v AFRICHOWTL, STE IEEENEYT, =
REBHFCEMEREL Ve, $07 v 7 FOBFRICH - Tk STE BRmBEFI AR
BEOBHIEIT - 1.



250 W A D

BIRROME, WRODA A - v /) F A — 2= T TRARIRTVWRRKEAY -5V
FRE, T.J. m—2 v —7E412, £EE050RMMEMCR<EmETI), ¥ A7 45
Kb, KEBECTHIENTER. ZICHBEXELET.

KFRICPEEERR [7— ) =FRAF — v SRNERBNERE O RMRE | B&Y
AL TfThhi.

X [

BALSLEY, B. B. and EckLunD, W. L. (1972): A portable coaxial collinear antenna. IEEE Trans.
Antennas Propag., AP-20, 4, 513-516.

BuTLER, J. and Loweg, R. (1961): Beam-forming matrix simplifies design of electrically scanned
antennas. Electron. Des., 12, 170-173.

CaNE, H. V. (1978): A 30 MHz map of the whole sky. Aust. J. Phys., 31, 561-565.

DeTricK, D. L. and RosenBerG, T.J. (1990): A phased-array radiowave imager for studies of
cosmic noise absorption. Radio Sci., 25, 325-338.

B e Bo E - MHEER (1983): +— = SHR BEEOHE 2, X—r 7 LBEREAR. EVE
PR, B, B4 3k, 59-65.

KaN, J. R. and Leg, L. C. (1981): Formation of auroral arcs and inverted V precipitations: An
over-view. Physics of Auroral Arc Formation, ed. by S.-I. Akasoru and J. R. KAN. Washing-
ton, D.C., Am. Geophys. Union, 206-217 (Geophysical Monograph, 25).

KikucHi, T., YaMmacisHl, H. and SAaTo, N. (1988): Eastward propagation of Pc 4-5 range CNA
pulsations in the morning sector observed with scanning narrow beam riometer at L-6.1.
Geophys. Res. Lett., 15, 168-171.

KRISHNASWAMY, S., DETRICK, D. L. and RosenBerG, T. J. (1985): The inflection point method of
determining riometer quiet day curves. Radio Sci., 20, 123-136.

NIELSEN, E. (1980): Dynamics and spatial scale of auroral absorption spikes associated with the
substorm expansion phase. J. Geophys. Res., 85, 2092-2098.

EfE B o WA - BERD c BELEMRE (1992): A2 -2 v 7y 4—2 —RIER QL A5 &4
DERFE. FEmER, 36, 251-267.

I AHE « Z91h & (1989): #KRE ) 4 2 — 2 — OBEF. EEEH, 33, 17-32.

Yamacisal, H., KikucHi, T., IKeDA, S. and YosHiNno, T. (1989): High resolution auroral absorp-
tion measurement with scanning-beam riometer at L=6.1. Proc. NIPR Symp. Upper Atmos.
Phys., 2, 110-122.

(1992 £ 4 A 9 B%ff; 1992 £ 5 A 27 Q&&FIRHZH)





