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1909: The Nobel Prize in 1947 Edward V. Appleton
Physics of 1909 was awarded awarded Nobel Prize in
jointly to Guglielmo Marconi Physics "for his investigations
and Karl Ferdinand Braun "in of the physics of the upper
recognition of their atmosphere especially for the
contributions to the discovery of the so-called
development of wireless Appleton layer".

telegraphy"”

Karl Ferdinand Braun

Guglielmo Marconi Edward V. Appleton
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Constellation Observing UZal By eamn e il

System for Meteorology,
Ionosphere and Climate * Orbit : 800km altitude, circular,

(COSMIC) * Inclination Angle: 72 degree

-\

b

LT

* Number : Six Small Satellites

» Shape : Disc-shape of 116cm diameter
and 18cm in height

* Power: ~ 81 W orbit average
* Communication: S-band uplink and

. downlink
= B - Design life : > 5 years
FormoSat3/COSMIC2 - Launch date : April 15, 2006

THRUSTERS 22 First Phase Launch (no 2" phase
SC ACTIVATION SEPARATION SYS RX . :
SWITCHES PASSIVE RING ANTENNA x 2 LOW. missio n)
FILUVENT RATE TX
VALVE ANTENNA

=5 ‘ 6 satellites
(low inclination 24 deg, mission
altitude ~720 km, & separation 60 deg)

GPS & Glonass Rx
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GPS
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POD +X

*2-band beacon
*plasma drift/fluctuation sensor
(~10kg, 22W)

June 25, 2019
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MECHANISM
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Global Positioning System (GPS)
FEEFEE AR ;K

# % g B A 20200 km
Wh BP 243297 wWhiuE o (6
% ¥ 38 11 hr 58 min

# % fig 8 & 55 degrees

RAT B HEP RIS 157543 MHZ (L1
band, 10.23 MHz * 154), 1227.60 MHz (L2
band, 10.23 * 120), 1176.45 MHz (L5 band)

.

ART A R A GPS Block Il satellite
3 5.5 . C/A-code (1.023 MHZz), P-code (10.23
MHZz)

¥ 5% 50 bit/sec
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Global Positioning System (GPS) i & & *

Navigation (3 4x)

Surveying (ie] £)
Geodynamics and geophysics
Remote Sensing (troposphere, ionosphere, and ocean)
Time and frequency transfer
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g I Py
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O 0 I
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navigation data 20ms
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[ navigation data 20ms

word 600ms
1 T Pl I 3 | 4 | 5 1 & | 7 I 8 1 9 | 10
word (sf)()rnsl
subframe 6s
1 I 2 1 3 1 4 I 5

subframe 63 |

page 30s

L J2lsTaTsTeTzTeloTiolniTweli3T T isTwlwwTisTiel20Tor 2223 24 [ 25

page 30s

25pages 12 Sminutes

Navigation message

Mavigation message = 25 frames = 125 subframes = 1250 words = 37.,5kb = 12,5min

< subframe = 10 words = 300bit = 6s >
word = 30bit = 0,68
- -
1 2 3 4 5 7 6 7 8 9 10
h w A 1.subframe TLM HOW  GPS week, satellite status and health, correction for atomic clock
® qu S’; 2. subframe TLM HOW  1/2 satellite ephemeris data
E % - 3. subframe TLM HOW  2/2 satellite ephemeris data
. £ :‘—j' 4. subframe TLM HOW  satelites SV 25-32 almanac; SV 1-32 health and status of AntiSpoofing; data for ionosferic model
e ¥ | 5.subframe satelites SV 01-24 almanac

subframe contains in every frame always the same data
subframe contains in every frame one page from 1 to 25
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Emission ~300m
UOD Reception
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Satellite clock offset < 300Km

Relativistic correction < 13 m
Pseudorange
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Sat. instrumental delays (TGD) ~ m

Geometric distance: p0 ~20 000Km

/Ionospheric delay [2 - 50 m]
/ Tropospheric delay [2 - 10 m]

Receiver clock offset <300Km

/’/Receiver instrumental delays ~m
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L5) %4

L1 band: 1.57542 GHz, L2 band: 1.22760
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A. Central Pacific Area:
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B. South American Area:
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« We study the ionospheric sporadic E layer
based on GPS RO L1 observations only
because L2 signals are weaker and have no

lonosphere
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Limb-viewing L1- and L2-band SNR amplitude profiles (in black and gray), the nor;mallzed amplltude standard deviation SDL1 and
SDL2 profiles (in blue and green), and the biased N, profile (in red). AR LA EgRY %’F—’E ERRHE
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Notes:

 These are dense Es occurrences at geomagnetic mid-latitudes but weak over the geomagnetic
equator and two auroral zones.

* Strong seasonal Es occurrence variations at mid-latitudeg with highest rates during hemispheric

summers. s P X FERY TREFRIRER
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Es occurrence depletion at mid-latitudes around the American area and around the
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« Semidiurnal behaviour in mid-latitude hemispheric summers with a descending movement.
* The Es semidiurnal behaviour generally tides in around 6 and 14 LT separately with layer
altitudes descending from 120 to 90 km at an average rate of about 2.1 km/hr.
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USRP200 /
USRP200mini

Complex | | ,, Replica signal [ J C/A
Conjugate [ | €57 at IF + fooppier |~ | Code |

h IF Samples [ Threshold || Different fooy, |
4

Signal
Acquisition

lonosphere observation stations (in green):
R1: Chungli * 2 (24.968N, 121.187E)
R2: Hualien (23.897N, 121.551E)
R3: Longquan (22.670N, 120.597E)

Sea-surface wave observation stations (in red):
R1: Xinwu (24.966N, 121.008E)
R2: Lanyu * 2 (22.037N, 121.559E)
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LanYu's DTM & wave period maps during (0~23) UT on the 346 th DOY in 2019
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