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Simultaneous optical observations of plasma bubbles from multiple stations
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Plasma bubbles are regions in the nighttime equatorial F-region ionosphere where the electron density is significantly de
pleted. Plasma bubbles are known to affect the accuracy/stability of GNSS (Global Navigation Satellite Systems) because th
steep gradient and small-scale irregularities within or in the vicinity of bubbles can disturb GNSS signals propagating through
the ionosphere. The 630.0 nm airglow observations with ground-based all-sky imagers have been used for imaging the twc
dimensional structures of plasma bubbles in the last two decades. However, such systems are typically large and expensive; th
it has been difficult to carry out large-scale imaging of plasma bubbles from multiple stations. If we could use small and low-cost
cameras distributed in multiple stations, it would be possible to visualize the large-scale structure of plasma bubbles.

In this study, we evaluate the feasibility of multi-point observations of plasma bubbles by small and low-cost all-sky airglow
cameras. For this purpose, a low-cost airglow camera has been tested at Ishigaki (24 N, 124 E) in Japan since August 2014. Tt
system consists of a small camera (WAT-910HX), a fisheye lens and an optical filter for the 630.0 nm airglow. Both the exposure
time and temporal resolution of the measurement is 4 s. One of the problems of the low-cost airglow camera is its low S/N
ratio due to thermal noises because the CCD of the camera is not cooled. On this point, we confirmed that such thermal noise
significantly decrease by integrating raw images for a few minutes. At the same time, however, the integrated images can b
blurred because plasma bubbles move with a speed of approximately 100 m/s. By taking the trade-off between the improveme
of S/N ratio and blurring effect by the image integration into account, an integration of 30 images ("120 s integration time) was
found to be appropriate for observations of bubbles with the low-cost camera. In this case, the estimated S/N ratio was about 1
dB. We also derived the S/N ratio of a cooled-CCD imager of OMTIs operative at the same site and it was approximately 37 dB.
This means that the performance of the low-cost airglow camera cannot exceed that of conventional cooled-CCD imagers. How
ever, the spatial structure of plasma bubbles seen in the OMTIs images are well identified even in the low-cost camera data. |
addition, by subtracting 1-h averaged background image from the current image, we succeeded in imaging the detailed structu
of plasma bubbles by the low-cost airglow cameras.

We also tried to observe large-scale structures of plasma bubbles by combining the low-cost camera in Ishigaki, another all-sk
imager in Tainan, and the VISI instrument of ISS-IMAP. We simply combine 630.0 nm airglow data from these instruments. In
the presentation, we introduce two examples of simultaneous observations of plasma bubbles. On February 14, 2015, a plast
bubble was observed at the same time with the low-cost camera in Ishigaki and VISI. On March 13, 2015, same traces of plasi
bubbles were imaged simultaneously from Ishigaki and Tainan for a few hours. By investigating these two events, we clarify how
the imaged spatial structure of plasma bubbles is dependent on the viewing geometry and discuss the feasibility of large-sca
optical imaging of plasma bubbles from multiple stations on the ground and space.

TREEHEICBNT, FREBOB TRENRBATICKE D LIRS NS 2 ehidb b, COmEEDC &2
FRARINTIEMLS, TS5 XNT)VIE, JEPH & ORISR 2 75 B EEE 2 PO AR & /NSRS ZE D
3 728 GPSHINIDOREERZE SRR BT T T EMHILNT WS, ik, 75 X7 )V OZERIREE % B3 % B
W&, KO KRGHA A= v KB 630.0 nmAXEDA A=YV THHWbNTER, UL, Bl AT Lh E
TSN DRIz, BEUSHD B DOIREBIRGIIITbN T T iah o le, ZMi TS AN AT LXK > TSI AN
TIVEERIT % C A TENE., BEHHEOEINMCDEMND, BEA A=YV T AERICER S EEZ BN,

AT, ZE T IEOBWKREZIEH AT BT S S ANTIVDIRE Y b= BBIDMTZ 50 E 9 i
DT, EBROBRICE DWW I T T2o AIVEREOEH XTI X ZENE. 201445 8 H 26 U5 44tH (Jb#E 24 2,
AR 12418) 12H 2 EFHUEMZEATOBIAERRICB W TIHMEL T\ 5, BIAFEERIE I AT (Watec WAT-910HX | faliR
L >R (Fujinon YV2.21.4A-2), HUOIEE 632 nm PHEIE 10 nmDYEET 4 )V Z—IC K> TR EN TV 5, hATIE
W AROFTRR (RO MRAEDRIL) 285, i 18 ISTH S 06 ISTE Tk BIlZ1T> T\ %,

INRIT AT THRIGE NI KEKOEEHRICIE ) A AL EEN. TTXARNT )BT 5 0EEL x5, THUIIE
WHICCDA AT EZAVT VA TDICEURBMENRNTHS EEZSNS, 7T TARMDREGRERICDz> THE
DU A RZHR LTz, T2 BN T 2 HGEOREEFIC SINEE (SIN=10logg 0 210 ,2) ZREL > 458, FEgT
& 8.04 dB 10 Kby (40%)) Tl 13.8 dB 20 KfEs> (80F)) Tid 14.1dB 30K (120%) Tl 14.4dBE 7%
D, T B EE S HEHET NI T07% SINLEBIRTE S 2 e b o Tz, HL, 75 X< 7)VIEHK 100 m/sTHH)
T B0, BORZEL % EEGEDIZDOTFEIRGEO RN L <725 &0 ENRET S, Bk SINLE



DAL EEEBIC I B T T AT IVDORZ 57 Leigkiat U7ziE 8, 30/ (1208) W7 X NT7 )L Dfi%
WU T REIRTH 2 LI Uiz, iz, A CBIIAICEE SN TO 2 KD EH CCD A A—Y % (OMTISs)
TGS NZEIRICDOWT S SINEEEREH UTFER, 37.3dBEA D, /INH XS TGS NG E ENFEFRES LT
&, BHICCDA A=V ¥ DT = VAEBZBNHZWT EWNghoiz, LA L. HBEICCDA X—Y v THIREEN
727" ANNTIVDZERRGE IV A S TEHRCHIBTESZ T e b, IMIH AT X B T XNNTIVOERNI
ARETH S LEZ TS, THUTA, EEEEG) 5 KKOCOT =EZHETE U, 30KRED LR & D2 ZIRS T &
T INHHRAFICE S5 TE, OISR EDNT VORI 2 E b T 5 EMTEE T &b oz,

PLEICHZ T, GHEHO/NVRGH AR T EEBICRE SN TV SGEI CCD A XTI K 5 FEHI. ISS-IMAP @ VISI
IC KBNS OFEEENZHAG DT, NI IVDIREA A= 2 THEDRERHENIC DOV T EMALZIT> TV 5,
BHBISITZ N TN 48, 1858, 1 OB ZR > TH b, SEIEIEE 630.0 nmD KXOEH % V72, 20154
2 H 14 HITHED/NF X5 L ISS-IMAP VISIIC X - T, 20154F 3 H 13 HICIFAHEBEBEDA A=V vIic&>T, 7
FRARNT VRSB E N TV S, BETRERZNFTNOEFNCONT, TITXNNTIVOIBIR, HIE = R Ui
RAERE L, HBHSED S DRIEA A=V 7 DT 4=V T4 BREEST %, # EoEEME, & U i e
WS T XNT I ERIET 256, HEOGICE > TRATIELESZ T ENTFREINED, B3 2/ EDR
ZITDENNS T T XAINT IVOZEBRGEICE LT ED X S BIHERMNG | B2 DI OV TR LTEREREMET 5 T
ET%%O



