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CHAIN (Canadian High Arctic lonospheric Network)

http://chain.physics.unb.ca/chain/

28 GNSS Receivers
* Scintillation, TEC measurements

10 lonosondes
e Electron density height, drift measurements

Oldest site (Eureka) has data from 1994
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CHAIN is expanding

We want to densify ionospheric measurements in the Arctic
e Using low cost GNSS receivers and SDRs to scale the network
* Use low cost passive receivers to densify the HF sounding network
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CHAIN is expanding

GNSS and Scintillation Monitors

Novatel GSV4004B

GSV4004B

Septentrio PolaRxS
We want to densify ionospheric measurements in the Arctic

e Using low cost GNSS receivers and SDRs to scale the network
* Use low cost passive receivers to densify the HF sounding network
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CHAIN is expanding

GNSS and Scintillation Monitors lonosondes

Novatel GSV4004B SIL Canadian Advanced
lonosonde (CADI)

GSV4004B

Septentrio PolaRxS
We want to densify ionospheric measurements in the Arctic

e Using low cost GNSS receivers and SDRs to scale the network
* Use low cost passive receivers to densify the HF sounding network
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CHAIN is expanding

GNSS and Scintillation Monitors lonosondes

Novatel GSV4004B SIL Canadian Advanced
lonosonde (CADI)

Instruments in test:
GSv40048 e Ettus USRP Sounders

* Piksi GNSS
Septentrio PolaRxS  Ublox GNSS

We want to densify ionospheric measurements in the Arctic
e Using low cost GNSS receivers and SDRs to scale the network
* Use low cost passive receivers to densify the HF sounding network
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CHAIN data is freely available

Empirical model (E-CHAIM)

* |RI substitute for High Latitude modelling
Assimilation model (A-CHAIM)

* |n progress

Data products
* Drift, lonograms, S4, Phase data since 2007
e Some ionosonde sites have data from 1994
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CHAIN is open for collaboration

We have a footprint in the Arctic

e 28 locations with internet access

* Multiple HF antennas, dual or tri-band GNSS antennas
Were are looking for ways to add value

* Augmenting data with second sources

e Coordinating schedules for obligue sounding

Scranton, HamSCl 2020
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CHAIN has a new R&D site

Capabilities

e CADI lonosonde
e USRP lonosonde
* Septentrio GNSS
e Room for more!
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CHAIN has a new R&D site

- Located in Blissville, New Brunswick
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Other GNSS networks

CORS (Continuously Operating Reference Station) IGS (International GNSS Service)
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Case studies: MISTIDs

Japan USA Europe
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Tsugawa et al., 2007a Tsugawa et al., 2007b Otsuka et al., 2013
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Case studies: LSTIDs

a) GNSS Stations Distribution
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Case studies: LSTIDs

= = 75% eclipse obscuration
Eclipse totality
= Occultation tangent line
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GNSS receivers under test

e Septentrio PolaRxS Pro, 50 Hz, >10k USD
e Swift Piksi Multi, 20 Hz, ~1k USD
e U-Blox ZED-F9P, 20 Hz , 250 USD
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Piksi vs Septentrio
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U-Blox vs Septentrio
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Low-cost ionosonde: block diagram

Yﬂtena RX

ZX80-DR230+

LFTX
LFRX

Antenna TY

RF

USRP N200 KIT

Ethernet 1 Gb

Transceiver
ICOM-IC-718

I

Freq band selection T

Ethernet 1 Gb

PC

Power Supply
SP-200-13,5
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Low-cost ionosonde: network

@ Research Base “Ak Vernadksy”,
Antarctica (Apr 2017)

® Kharkiv, Ukraine (Dec 2017)

patiFIE o

zAH

@ Blissville, Canada (Dec 2019)

Abuja, Nigeria (~Sep 2020)
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Low-cost ionosonde: IPS-42 vs SDR

3.5 kW vs 0.1 kW July 2017, manually scaled
lonograms
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Low-cost ionosonde: CADI vs S
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Conclusions

* CHAIN is open for collaboration and is interested in opportunities for
value added expansion

* Low-cost dual frequency GNSS receivers are a good alternative to
scientific-grade receivers to estimate TEC values

e Low-cost HF sounders can be used as an alternative to ionosondes
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