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B E GPS HERIME ANy —Fp ek K SRIF B, O 72 T 8UE RS TR, SU5 A28 0 RS 5L
FERARIAETE N 1o f 2 — 25 5 2 B ER R H A 5 T30, IR S8 B RIS S h i RO E 5 A
BT ¥ R R R AL BB R AR R Girh 2, A EE R . AU — R BT 20 ) GoogLeNet
(Im-GNet) VREEZE SRR, FERIH T COSMIC-2 #E 2 BRI EHE AR RS 5o ASCIEHFE T 2020 421 A
1 H# 9 HIf) COSMIC-2 fiE £ #4fi (conPhs SCf4), #EAT R st 4% HlfG, R L b4 Bk B RS 51
Totk i 4 BIh R B K5, SRS INZ35] Im-GNet TR 2SI RR, Im-GNet BEAUINK I AER Rk 3 T
96.4%, W ETSCRFFENL (SVM) HiEMISER . ASCESHT T RS 5o R SR, R
fRIHEE 3T DL 2 SO B0 (atmPrf SCF) 5 NCEP 12 /N TURAE CavnPrf SO 4T 5 38 L AG R B«
B RAHE S MR F AR L, TS RREEEER.
K@ COSMIC-2 fEE  E:>] K& AaEHAR  GoogleNet

Identify the reflected signal in the COSMIC-2 occultation signal

using the improved GooglLeNet deep learning model

LUO Wenjie, XIANG Jie,Du Huadong
College of Meteorology and oceanography, National University of Defense Technology,
ChangSha 410008
Abstract GPS occultation detection technology, as an advanced atmospheric detection method, has been widely
used in numerical weather forecasting, climate and space weather research. One of the problems in occultation
detection is that it is easily interfered by the reflected signals on the earth's surface. Identifying and separating the
reflected signals in the occultation detection signal helps to assimilate the occultation data into the numerical
weather prediction system, which has important significance. This paper proposes a deep learning model based on
improved GoogLenet (Im-GNet) and applies it to COSMIC-2 occultation detection data to identify reflected
signals. This article selects the COSMIC-2 occultation data (conPhs file) from January 1 to 9, 2020. After quality
control, the radio holography method is used to obtain the spatial spectrum image of the occultation signal, and the
Im-GNet deep learning model is trained , The accuracy rate of Im-GNet model test reached 96.4%, which is
significantly higher than the result of support vector machine (SVM) method. This paper also analyzes the impact
of reflected signals on occultation data. The geographic distribution of occultation events, and the refractivity
comparison between the occultation inversion data (atmPrf file) and the NCEP (National Centers for
Environmental Prediction) 12 hour forcast files (avnPrf file) shows that the quality of the occultation event data
with reflection signals is better and the atmospheric information contained is richer.
Keyword COSMIC-2 occultation, Deep Learning, Radio Holographic technology, GoogLeNet
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GPS # BRI FARNE A —FF B KB RIRN T, B &R, SEEDHE.
SERWESI S B 5. SR, KIS %4 5 (Kursinski et al.,1996; Kuo et al.,2004), &
Iz T RE RS TR, SEMEERAH . a1, FRIE G755 36 W BA ST 4 2 2RI 1

HS % B EMAEE MM RS (COSMIC, 2006-2011) A i Eh i 2R MY 5%
R &4, £ COSMIC i H 2 J5, &AL E HEW T 42 FORMOSAT-7/COSMIC-2 1) )5
S BRI H - COSMIC-2 (/5B LR T 2019 4E 6 [ 25 H BTl & 5 217538 BT iR A5
(24°) %138 7 H 16 H P2 B/ 3 M (EHiAT 3G # A2 R4t (Tri-GNSS Radio-occultation
System, TGRS). El#fTE T#EFit (lon Velocity Meter) FIHH#i{fE#r#Hl (Radio Frequency
Beacon)) JT4RiEE. COSMIC-2 HIRAEZ AR TEREPHE A5, T 2019 4 12 J
10 H IF46 A An i 2 2RI EA , Hl g an H 19105 2019 4F 10 H 1 H . TN H 1 581K TGRS
PECOLAN 5 18 25 R 28, 454 S0 I ot , COSMIC-2 i 4R IINME 5 BT BT AR A (K s (5 e L,
Xffi#3 COSMIC-2 Tl H £ K BE3R 1T 4000 2 5% i ot & 1) PR (45B5~45N) i K<
2 CBA. PrarR. B EVMERED, XU B m e s A Sk B %
25 55 (Schreiner et al.,2020) .

MITHE 3 Hr GPS TG 2k HiL i A2 25 I & A4 22 208l i A7 72 GPS 15 5 5 i BR R THIAH B4 H
115 2 (Beyerle and Hocke,2001; Beyerle et al.,2002). B 1 fis NfEEENRERE; B TH
W EEIHE S GRECONEIEE S 4, B&ETURNES—ME5: ZETEE
BN RS CHH T AR R 0T 0 AR AN 225 800k 20080 AR A A, 38 RN 2 2%
A TBHTH CRR RIS SR B ARG A R 2 —, 1 AR XAME 54
KB G FRR, XAME 5 RK AR BRE I M SIE S, W IR B 5 ARl

Bk, AT RBWITME, HWAESHEIRA “RIES” (Aparicio et al.,2018).

Directed signal

(3 LEO receiver
“ex: COSMIC,CHAMPMETOPA. ..

Near-tangent:
~ 1° elevation
specular reflection

Reﬂectegl"signal

GPS emitter

Earth

Kl 1 GNSS-RO M HE(E 55 A& S
Fig. 1 Direct signal and reflected signal of GNSS-RO (Global Navigation Satellite System - Radio

occultation)



109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142

REHE S 5IE RSB EAER, Bk, BT HEEESRERUE B4,
S IFHE Tt BRI A2 DR AR b R 5 AT 7E 145 S 0K (Avparricio et al.,2018) . 111, Beyerle
etal. (2002) KIS 4 EHEMEEL (SNR) A W] RES5HETHIRHIE (A R0 & B IR FE 4t
1H) fF{EIC %R Cardellach etal. (2004) HIHISK H SEHHE 5 1A A7 B R X 0K )1 e
BEAT T S5 & Boniface etal (2011) R, LR FM T RGHE SRR SE
KRR BACE CRAC LA B Ry EE S, JHRAMCREBRSIEER, Bib2S%
E BV AERUR, RIS e 0 B SO o2k FELAE 5 ROBTRS 23R4T 20 B AT DA Bl 2 K<
BRI -

TEHUE R AU TR (NWP) BiH] B, G TAERY] (Cardellach etal.,2008), GPS # £
E T PR SRS 5 R 1 B PR RAF I 4E R, AR ERNEL S ECMWE 73y
B—3. Cardellachetal. (2008) VERH|, HAA MGG SRS/ N EREE S PIRGHK
AT B L TE N SRS S R A R T NWP Bl THE, R A
ECMWF (5 147 1 K. Aparicio etal. (2018) &M HA % S S5 5 [HHE B2 A (¥ 4
5 NWP 45 55H REFISEE— 3k, IRl 2T T NWP 5 R FRRAUE R, Rl 2 d2
PEERAR 5 24 B AR FE AR ST R 2R I IR INAE B, CAURR T3 S A A )

git, K4 40~60% M 215 50 &Kk B R UNMUIBRR I I SAHE 5. 2R, 15
R AR, IX L7 35 Gu i 2 O IIME AE S s R rh s o S A T A 7

OUHRLEREFDEFT779) (Huetal.,2018).

NTRBTGLEME (RO (552 BAMERR . AT SR T A R 25 T (5 52 A4y
A R [F R R 8 S8 SIS 5 (18 A1 )84 (Gorbunov et al.,2018) . IX L4 AR 45: K&
TR HT (FIO) (I IEMAE#e (CT) (Gorbunov,2001), 41 i (FSI) (Jensen,2003)
FMAHALICES (PM) (Jensen et al.,2004), LLK 5 —KIENAZ# (CT2) (Gorbunov and
Lauritsen,2004). A1 FSI F1 CT2 JEfE8UE A 2 (Gorbunov et al.,2006) .

HAT, RIS S TR FEERENE N LB BER GO NIE SIS 775

(Hocke et al.,1999; Beyerle and Hocke,2001; Cardellach et al.,2008; Boniface et al.,2011), 1%$i
AREHAFHREU S (Aparicio et al.,2018). &M B AT LL# T Wigner 734 i % (WDF)
AR SR F S 555 (Gorbunov et al.,2016). Beyerle et al. (2002) FJFH JLfa] 5 25 38 i A
Z AL FEARAU T E A 1 oS 4 B v R E SRS AR AL, IR SRR IE AR AR E L 515
T PRI IS SR e R M v PR R MU T 47 5 23 % AT T A I S S 5 ) R 7 i
XL A BB H ALK 7. Cardellach etal. (2008) #2H T TSR &AL (SVMD 1L
LA BT, AT PRE B RO SR RAHE S, 2RI, 2T EAE U U5 5 1Y
58 G T AR R R E, I H R REIEAA RIS, N T 4/ MRl ) YE [ I &
THERCR, Hu et al. (2018) R 7 HE 865 T P N D 20 B 4% (10 Jo 26 L 4 B T VA

(GDANN-RH),  PAS i fer il jle 2y 2 ik b v SR 1)
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B 7 UL U SO S AR BAAh, I H — S NP T RSHE SR TAE.
Boniface et al. (2011) 5 %¢H|H oLk M4 EIEH 7715 M GPS #EE 5 5 H o B R 55,
SRIG R —FhIRBN T3 VE AT RO, € T B RO ROHE SR AR DG DTk, JFRE T
Xt BTSSRI 7815 B . Gorbunov et al. (2018) #2H T3 FEIER) CT kMR
B, JRT T RIE IR

% Cardellach et al. (2008) A1 Huetal. (2018) fii Fl (¥ #i/& COSMIC ¥4, i i
COSMIC-2 i KA B AR IE A a0 I ATT KA, ATLAREAEH], Bk, ACEALT
24 RER R T COSMIC-2 2 BRI ACHE LA b i SRS 5 it o B T
E) Googlenet 4T 5 7 AR, SRAFEEUTF I R AHE S H SRR « BLAh, ARSCIEKG 5y
R SHE S SHERIR R BN R, AT 5 AP TR R LR,
TR SHE 5 0 R 2 (R RS RFAE s 58 =085 0 GoogleNet 9145 45 #4 G [ S5 5 0 2
B, 3E5 SVM AT i te A dr s B IUTTIT i RHE 5 SRR BRI 2 55 A
ghitie.

2 WEESEitTEENRE

21 BERHEEEHEAR
AT RS R A (T AR R ) Jo 2k i 42 B 5 . BB (LEO) B ENIAFHI
CAL 7 VSR

u(t)=A(t)exp|ik¥(t)] 1)

Horb, A(t) RIRIE, K RBEEL W()RAAL, (R E S AR
u, (t) =exp| k¥ (t)] )

Horb, o (t) AT RAE I I u () RARAL @ (0) TP 2. B4,
Au(t) = (2) = A(t)exp[ik(¥ (1) - ¥, (t)] 3)

FRONTCZ: 4 B8 (radiohologram) (Hocke et al.,1999).
X Ik 4 B () BEAT I B T 1) 8 BLM- A8 . (Sokolovskiy,2001) 75 %:

1 T2 , ., ,
c(t, w) = - .L-m Au(t’) exp(-iet’) dt 4)

Horb, R DT, TREDRNEE KD, o & RHEHE . ¥ |ct, o) BRI ER
IR o, FRFT IR L. 1ot o) BB AT LITEt -0 B CRF-$ED 2R k.

] B iﬂ[.%|c(t,cz))|2 HAR S AR AT DAAE 52 25025 A B B3R 7R ik (Gorbunov et al.,2000;
Gorbunov,2002) .
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Kl 2 — COSMIC-2 it £ 3 (#4524 C2E1.2020.001.03.50.G19, #hifE 1.75N, £ 54.02F€) 175
R R. (@) A1 (b) 705509 L1 A1 L2 {55 RIS [a]-PZ s A a3k (o) M (d) 7008 L1 AT L2 /5 5/
SO e 2 -5 A 4 TR
Fig. 2 A spatial spectrum image of a COSMIC-2 occultation event (occultation ID is C2E1.2020.001.03.50.G19,
latitude 1.75N, longitude 54.02 E). (a) and (b) are the time-frequency domain spatial spectrum of the L1 and L2
signals, respectively; (c) and (d) are the impact height and bending angle domain spatial spectrum of the L1 and L2
signals, respectively

B 2 45 T RG24 B 7L COSMIC-2 HiE A SR 1) 2 (B 4G (e [a] - A5 % dk
HEWMSE-EMED K—00RE], AT FUAE R L1 {55 RO (] - s (] 1, 52
W e J5E <725 382 ) DU 852 448 2 BB o 4 1) 5 3R 22 7 M OO 0 P ke B S A 1
2.2 REHMEF IR IR

Beyerle and Hocke (2001) #2755 —AMIEHE, B GPS/MET Jogk Hafi A2 st v Wl 2 3
1 GPS 55 W& RAHE T &, AR o2 s 4 B 07 iR R 70 B LR AN RUHHE 5 o) -
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GNSS B Hiodfs sp A7 2 A 5 BRI R BUAE L Rkt 2 13 B R b, SO 5 BOBE A R T
FEEERE G F50HE; 200E24F M, EENE KR, EFiamn %G S
AR R IUE TATHEE S, X T RATHE R S F U2 W 25 ) (Cardellach et al., 2008)
RS Rl ARG, o 5 T s AN AL IR

ASCAEH] COSMIC-2 fERBHRIATHIFT, (EBIEL A REOR, @I aE 7 4 E)
PG T AR TSRS RAS I S M5 5 o ASCAR B BRI T N ATHEE L1 3B (1.57542 GHz)
1 CIA {55, JRINE EATHENRNESES MR, H L2 BB (1.22760 GHz) Ik
S DRI, A5 55 5 S B K520

‘ T (’:a) 3 *_77 =SS

Time since stort occultation (s)
Time since start occultation (s)
Time since start occultation (s)

-40/ -20 0 20 40 -40 =20 0 20 40 -40 -20 0 20 40
Frequency offset (Hz) Frequency offset (Hz) Frequency offset (Hz)

Kl 3 COSMIC-2 /2 L1 fi 5 Rt [ g () JlEMi AT ES (b) BIIKRES (o TRHHES
Fig. 3 Local spatial spectrum image of COSMIC-2 occultation L1 signal (a) clear reflection signal (b) unclear
reflection signal (c) no-reflection signal

K3 aath 7 =M EE SR g G, TUER, £K 3ah, mTEE
ET R G ER, L, BEE S DD % R e Rt )i &, R KRS
FL S S22 o /N R S5 R R B2 R TG AN 88 . 38~65s 1] H LA B 45 5 T o FO LA . (iR
RN RSHME S, %5 SRR R, JE R T B SR iR CRBERI
L, f£ 60s ZJE S HEESEH R, BHHESZRARTELLE SREEMN (b
COSMIC-2 {5 SHIRFE 2y 100Hz, HiFAE 50 Hz L LG 52 RARE). 1ERL 80s 2
A, RSN, HERGESHEK. M THRER (BRTEE TECEEEEM. ik
Rz OKIRRIFEN R AERRE (RIS RPHRE R A HUR D XA SR 3R IR, [H]
I TSR AR P R BEE I 21 S RHE 5 AR AL R, 1] 3b JUIFE 35~50s - 8] HH I 1 SR S
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ESRHE: Bl 3¢ MBI RIE SR B 50s Z i EAEAE SiE M4, 50~80s HH 115
TR ERRAS T R AN NSRS AR

3 MY GoogleNet | H5S 4y Hix A

GoogLeNet J& Christian Szegedy 2 A 1E 2014 4F42 H (19— Fh 4B (VR 2 2] 458, e
LeNet-5. AlextNet. VGG Net, ResNet 253145 #it CNN £ 4 —FEIl # B T B AL HE 455
GoogLeNet Z&FAMIZ MILAE 2014 £/ ImageNet 73 25(E 55 VGG (Visual Geometry
Group) Ff35E%, DU AlexNet. VGG S5 459 #R & 18T B KL% R E (250 k3RAGH
UF BN SRR, (R 0 I 268 2 A0 2= 7 oK overfits B0 FE Y 2% . BF BE R JE S5 6i/EH - GoogLeNet
SRt 7 —DAE IR R CNN 2244 Inception AUFF 1 HL4([1) “HBAR+0N 7 ML GitilE, X35
FErm PERE T XA KBRS S 5 1) H IR, ) 25 R 22 0 28 (R AT e 4 EoBr i) s 2 o AR SOk 4%
GoogLeNet ] Inception (3a. 3b. 4a) HHAE AL L L4k, Pleki# GoogleNet #574!H
T REHE SR
3.1 FdE R AL

AT https://data.cosmic.ucar.edu/gnss-ro/cosmic2/nrt/[2020-04-06] ~ %% 2020 %1 H 1 H
£ 9 HEJ COSMIC-2 it BT S conPhs #dls (Level-1b), #EATRIEFEHIE, FIHICLE 4
BITIEARH] 17826 5K MTHEE L1 S S ARG EME . 8% S0hc 5 24 75 i SOHE 5 1)
K& 5903 7k, SIS S E0H 1) B4 4519 5K AT SRS 5 KR 7404 K. fESRE,  MHER
T REHE SR B, DU IE M S AE 5 AT S B UG HEAT 73 28110

¥ Bk 13307 GRS G A FRE N A 224%224 15 25 (1K 15 FG EHAT 10— 1k BEMLIE B
SEE 70% B DSBS, 15% HBRE AR NIIE SR 5L, R 15%H)EHE /vl
AR, JFORTE )y pickle ZUEHE, K MR el A5 2 )11 2T ) Bt 2 NI )

T VS Er R ORI MERE, S SVM TR T UL, W B DL =T AT

(1) Hudkff) GoogleNet #&% (Im-GNet);
(2) LM RE) SVM (Li-SVM);
(3) mEHTZE A SVM (Ga-SVMD.

N T VSRR T RIS ], 3R 1 A TSR TEAICE . Horb, {6 Tensorflow

MEZE SR G S A 5 Im-GNet #5281, SVM A2 7T 8 i, W E 8 A Scikit-learn K528
F 1 LRI R R E

Table 1 The configuration for hardware and software

TiH i .

W1E (RAMD: 16G

AbFZE: Inter(R)Core(TM)i7-9850H CPU
BIERSR Windows 10 E kiR
ENIES Python 3.7.0
Was=2>] GoogLeNet: Tensorflow 2.1.0

ff:
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HEZR/ T A SVM: Scikit-learn 0.18.1

3.2 B GoogleNet P45 451

GoogLeNet AL i K [{4F SE T 5N T Inception BB, DL 4 H Inception 3a 1k i,
SRS 4 ANy, IE— A SONRIAEHT 1 B, e IsEiEHsE s, 5
B IRIERE ST BB AN T I SR, SRE R 33 B, M4 T T TRk
FHEAR e, 5 =N 3CRAL, Jeie I B, AR 556 B e — o 32 3x3
BRI S BAHEAE R 14 8. Inception B 5] N2> BB & S HF &k, HFERFLE
T BRI FRIERE ) EAKEE I fE Y hna HOETE R, (H 2 A v SRS ORI L5 1 Rl
TER (B E3L5%,2018).,

gt Z s, AR GoogLeNet HFMHZ L Inception (3a. 3b. 4a) EAMEA
W4 44, FELERT 2 4 Inception 454 J5 7% Il BatchNorm Layer {45 Il Zxfa 2 « 78 % 45 A0
H4Jm 2 4~ Dense Layer 5 1 4> Dropout Layer, #7274 H 25 (B A BE A RIS By b 3004, B
A 2% 25K WL 4



Frame

MaxPool
3x3,2(S)

BatchNorm

BatchNorm

MaxPool
3x3,2(S)

Inception 3a

Conv Conv MaxPool
1x1,1(s) [ 1x1,1(s) 3x3,1(S)

Conv Conv
3x3,1(s) 1x1,1(s)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, N
4
ettt |
! Inception 3b l
| MaxPool
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249 4 1m-GNet £ 4514

250 Fig. 4 Im-GNet network structure
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M3k GoogLeNet #t T Tensorflow 2.1.0 ZERIF5 M4, KA T 38 X 51 2k R 3L
(Cross-entropy Loss Function), F#Z ¥ B 41 F: Shuffle (Buffer_size) =12000,
Batch_size=50, Epochs=100, Learning_rate=0.0001, H: & & & B B A% 51 %
(Learning_rate) JY-FFIELE A T — N B, WHE kUL, AEMNSHRE, "TUIREHEN
2R AR REASE Y Ry S0 B2, (A6 P2 T PR ) 7 o) BE DD v, DAL AR BASE 2 A 3 e ()
PERE

MER: FRt, GoogLeNet bt SVM B 5835, AR T R4t i &, 1E&
By EEAEMRBER, B Inception S5 RERECRIF MLt Sk M e, SCREF B4R
FERER b R . N T4 H BRI b PR 4
3.3 BRI G5 R K vy

KI5 25t 7 Im-GNet A B I1 2 75 rh v 2R AR FR AR A i 4 A2 58 25 DAL T,
e UE A A HERR FR AN R R i 2RI AF R RSN, MRS IHER R 2 TS, SRR R T
sy, BARIG. 825 POEME)E, SIEERURREE BT, HAbdh 2 TP, B
WA . E5E 25 YGRS, IUESRRIERIZRATELE 0.96, 1k N IRE HAG RETBE),
BARLA B R LA OR, BRI e . 25, Rl A S i AN A L1521 F ki 22
96.4%.
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