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In order to predict the intensity and location of extreme weathers, such as torrential rainfall by individual 
thunderstorm or typhoon, we are developing the new methodology of weather monitoring using a ground 
AWS network with lightning sensors and micro-satellites weighting about 50kg, which will realize quasi-real-
time thunderstorm monitoring with broad coverage. Based on the AWS network data, we plan to operate 
micro-satellites in nearly real-time, manipulating the attitude of satellite for capturing the most dangerous or 
important cloud images for 3D reconstruction. We have developed and launched several micro-satellites and 
been improving the target pointing operation for this decade. We succeeded in obtaining the images of the 
typhoon center at a resolution of 60-100 m for Typhoon Trami in 2018 and Typhoon Maysak in 2020. Using 4 
or a few 10s images captured from different angles by one micro-satellite when it passed over the typhoon 
area, 3D models of typhoon eye were reconstructed, which have a ground resolution of ~100 m. Due to the 
unusual temperature profile around typhoon eye, it’s very difficult to estimate the height distribution of cloud 
top only with a thermal infrared image at a resolution of 2 km taken by geostationary meteorological satellite. 
This is one of the biggest limitations in estimating the precise intensity of typhoons, namely, the center 
pressure or the maximum wind velocity. The on-demand flexible operation of micro-satellite will achieve the 
high accuracy estimation of typhoon intensity as well as the speed estimation of individual thunderstorm 
development, which can be applied to disaster management. This research was conducted by a mixed team of 
Japan and the Philippines, supported by Science and Technology Research Partnership for Sustainable 
Development (SATREPS), which is funded by Japan Science and Technology Agency (JST) / Japan 
International Cooperation Agency (JICA). 

Abstract



News WOWU, No. 21

Asia Research News 2017 (page 20-21)
http://www.researchsea.com/asia_research_news_2017.php

PHL-Microsate



3-30 km, 5m 
GSD

Target pointing

In operation

4



Goal of this program
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Combination of micro-satellite and lightning network

Micro-satellite

Lightning network

Internet

Internet

Data analysis
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Lightning measurement 



AWS with lightning sensor: P-POTEKA/V-POTEKA 

~70 sets were shipped to the Philippines   



Stake holder meeting in the Philippines



Installation at Pasig RAVE Installation at Rescue Emergency Disaster Pasig



P-POTEKA 
35 sites completed among 50



Infrasound sensor calibration using fireworks

Calibration

Infrasound	sensor	
device
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EGU21-16237 
Estimation of dissipated lightning energy by infrasound measurement 

by Narumi Watabe et al.



V-POTEKA 

Rooftop at Hokkaido Univ.

Installation in the Philippines



Lightning geolocation by V-POTEKA



V-POTEKA 

6 sites completed among 10
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3 km accuracy for geolocation
5 sites/10 sites completed

VLF receiver
Infrasound (>0.01 Hz)
+ AWS

＃8AGU Fall Meeting 2019,   AE11A,   Moscone South - Poster Hall,   08:00 – 12:20,  2019/12/09 (Mon.)

Manila

Palau

Sapporo

Isezaki

Guam

3. V-POTEKA System

Now, 6 more V-POTEKAs are installed.
(4 in the Philippines, 1 in Okinawa, 1 in Indonesia)

V-POTEKA
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Nationwide Network performance2.2. Instrumentation: Nation-wide Network performance

The estimation of 
lightning location 
matches with the cloud 
pattern detected by 
Himawari 8 band 15 
(12µm)

- Lightning geolocation result

20191027 10:00 UTC

Lightning
= red star

Lightning geolocation by V-POTEKA 
Purwadi, PhD thesis, Hokkaido UNnv. 
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2.3.3.4 Methodology

➢ The left figure shows 
Back tracing for 
several initial time at 
900 hPa height level.

➢ The original area 
energy location is not 
a constant radius to 
the center during the 
typhoon Trami 
evolution

20180922 06:00 UTC 20180925 06:00 UTC

20180930 06:00 UTC20180926 06:00 UTC

Typhoon
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Continue …

Smoothing using 24 hour moving average

800 hPa
850 hPa

600 hPa700 hPa
Time variation of lightning activity arriving at typhoon center 

Purwadi, PhD thesis, Hokkaido Univ. 



Micro-satellite



Target pointing and moon shot by micro-satellite
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3D cloud modeling

Typhoon #24, 2018 (Trami) captured by micro-satellite, DIWATA-1



EGU21-14160 
3D Reconstruction of Typhoon and Thunderstorm Cloud Top Using Airborne Camera&nbsp; 

by Meryl Algodon et al.

3D cloud modeling near typhoon center by airplane



3D cloud modeling

captured by micro-satellite, DIWATA-1

Castro et al., Scientific Reports 10, Article number: 7570 (2020)  

https://www.nature.com/srep
https://www.nature.com/srep


DIWATA-1 HIMAWARI-8

Castro et al., Scientific Reports 10, Article number: 7570 (2020)  

https://www.nature.com/srep
https://www.nature.com/srep


captured by micro-satellite, DIWATA-2

3D cloud modeling

PHL-Microsat
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DIWATA-2

Typhoon Maysak in 2020

PHL-Microsat
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DIWATA-2

Typhoon Maysak in 2020

PHL-Microsat
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DIWATA-2

Typhoon Maysak in 2020

PHL-Microsat



- We are developing the new methodology of weather monitoring using a ground AWS network with lightning sensors 
and micro-satellites weighting about 50kg, for quasi-real-time thunderstorm monitoring with broad coverage.

- We are establishing nearly real-time cloud imaging, manipulating the attitude of satellite for capturing the most 
dangerous or important cloud images for 3D reconstruction. 

- We have developed and launched several micro-satellites and been improving the target pointing operation for this 
decade. We succeeded in obtaining the images of the typhoon center at a resolution of 60-100 m for Typhoon Trami in 
2018 and Typhoon Maysak in 2020. 

- The on-demand flexible operation of micro-satellite will achieve the high accuracy estimation of typhoon intensity as 
well as the speed estimation of individual thunderstorm development, which can be applied to disaster management. 


