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Terra ASTER

• ASTER is developed by Ministry of Economy, Trade and 

Industry (METI), Japan and is on TERRA satellite 

managed by NASA.

• The calibration WG in the US-Japan ASTER science team 

steer the radiometric calibration, and AIST plays a role in 

many parts in this WG.

https://www.nasa.gov/mission_pa

ges/terra/spacecraft/index.html



ＡＳＴＥＲ radiometric calibration

1. Pre-launch calibration 

2. Onboard calibration

3. Vicarious calibration

4. Cross calibration

5. Lunar calibration

6. Inter-band Calibration



ISS HISUI (Hyperspectral Imager)

Matsunaga et al., IGARSS, 2018

 Hyperspectral Imager Suite (HISUI) is a future spaceborne 

hyperspectral Earth imaging system being developed by Japanese 

Ministry of Economy, Trade, and Industry (METI).

 METI decided the deployment of HISUI on International Space Station 

(ISS) rather than a dedicated polar orbiting sun synchronous satellite. 

 HISUI instrument will be completed and ready for launch by Space X's 

Dragon in FY2019. 

2. HISUI SPECIFICATIONS 

 

The basic specifications of HISUI are summarized in 

Table 1. The swath of HISUI is narrow due to the optical 

design constraints and the available two-dimensional 

detectors. HISUI consists of a reflective telescope and two 

spectrometers which cover the visible and near infrared 

region (VNIR) and the shortwave infrared region (SWIR). 

Each spectrometer consists of a grating and a two-

dimensional detector. SWIR spectrometer has a Stirling 

cooler for the SWIR detector.  

 

Table 1. HISUI Specifications. 

Spatial resolution 20 m (CT) x 30 m(AT) 

Swath 20 km 

Spectral coverage 0.4 - 2.5 µm 

Spectral resolution 
10 nm (VNIR) 

12.5 nm (SWIR) 

Number of band 185 

Signal to noise ratio 
>450 @ 620 nm 

>300 @ 2100 nm 

MTF > 0.2 

Dynamic range 12 bits 

Data compression Lossless (70%) 

Data rate 
 (70 % compression) 

0.4 Gbps 

The altitude of ISS is assumed to be 400 km. 

 

3. HISUI INSTRUMENT STATUS AND  

ITS DEPLOYMENT PLAN ON ISS 

 

Manufacturing and tests of HISUI Flight Model (Figure 

2) have been almost completed. In order to deploy the 

instrument on the ISS Japanese Experiment Module (JEM) 

Exposed Facility (EF), HISUI Exposed Payload System 

(EPS) (Figure 3) which includes the structure, the thermal 

control system, and the electrical system are being 

developed.  

 

 
Figure 2.  HISUI Flight Model. 

 

 
Figure 3. HISUI EPS attached to Port 8 of ISS JEM EF. 

 

The design of EPS, which should meet the interface 

conditions of ISS-JEM as well as HISUI's mission 

requirements, is ongoing. After the instrument is installed 

into EPS, the integrated system test will be conducted in 

FY2018 - FY2019.  

The schematic diagram and the data flow of HISUI on 

ISS are shown in Figure 4.  
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Figure 4.  Schematic diagram of HISUI on ISS 

 

4. HISUI GROUND DATA SYSTEM (GDS) STATUS 

 

4.1. HISUI GDS 

 

The development of original HISUI GDS for a dedicated 

satellite was finished in FY2017. Additional GDS 

development related with HISUI's deployment on ISS was 

started in FY2015. 

As shown in Figure 5, the original HISUI GDS consists 

of four subsystems: Observation and Planning Subsystem 

(OPS), Product Generation Subsystem (PGS), User Interface 

Subsystem (UIS), and System Integration Subsystem (SIS). 

Four additional functions to the original GDS to operate 

HISUI on ISS are being developed: 1) generation of 

command and its management, 2) telemetry and command 

database, 3) distribution of telemetry to GDS subsystem, 4) 

monitoring of telemetry and its archive. The interface 

Observation frequency of the ISS 

HISUI will be limited to a few 

times over each calibration site in 

one year because of its orbital 

characteristics.



ASTER degradation curve



Available on both of ASTER and RadCalNet

data (RVUS)

Date Gain Path/ Row/ VIEW Nadir

2017/ 3/ 22 NOR/ NOR/ NOR/ NOR 40-96-4 ⭕ ️

2017/ 5/ 25 NOR/ NOR/ NOR/ NOR 40-96-4 ⭕ ️

2017/ 6/ 24 NOR/ NOR/ NOR/ NOR 42-95-1 ❌

2017/ 6/ 26 NOR/ NOR/ NOR/ NOR 40-96-4 ⭕ ️

2017/ 7/ 19 HGH/ HGH/ NOR/ NOR 41-95-7 ❌

2017/ 7/ 26 NOR/ NOR/ NOR/ NOR 42-95-1 ❌

2017/ 8/ 29 NOR/ NOR/ NOR/ NOR 40-96-4 ⭕ ️

2017/ 9/ 30 NOR/ NOR/ NOR/ NOR 40-96-4 ⭕ ️

2018/ 7/ 17 NOR/ NOR/ NOR/ NOR 38-96-1 ❌

2018/ 7/ 17 NOR/ NOR/ NOR/ NOR 38-97-1 ❌

2018/ 7/ 31 NOR/ NOR/ NOR/ NOR 40-96-4 ⭕ ️

2018/ 8/ 16 NOR/ NOR/ NOR/ NOR 40-96-4 ⭕ ️

2018/ 9/ 1 NOR/ NOR/ NOR/ NOR 40-96-4 ⭕ ️

2018/ 10/ 3 NOR/ NOR/ NOR/ NOR 40-96-4 ⭕ ️

2018/ 10/ 19 NOR/ NOR/ NOR/ NOR 40-96-4 ⭕ ️

Date Gain Path/ Row/ VIEW Nadir

2013/ 9/ 19 HGH/ HGH/ NOR/ NOR 40-96-4 ⭕ ️

2014/ 9/ 22 NOR/ NOR/ NOR/ NOR 40-96-4 ⭕ ️

2015/ 6/ 5 HGH/ HGH/ NOR/ NOR 40-96-3 �

2015/ 9/ 25 NOR/ NOR/ NOR/ NOR 40-96-4 ⭕ ️

2015/ 10/ 11 HGH/ HGH/ NOR/ NOR 40-96-4 ⭕ ️

2016/ 5/ 29 HGH/ HGH/ NOR/ NOR 41-95-7 ❌

2016/ 5/ 29 HGH/ HGH/ NOR/ NOR 41-96-7 ❌

2016/ 7/ 2 NOR/ NOR/ NOR/ NOR 39-96-1 ❌

2016/ 8/ 24 NOR/ NOR/ NOR/ NOR 42-95-1 ❌

2016/ 8/ 26 NOR/ NOR/ NOR/ NOR 40-96-4 ⭕ ️

2016/ 9/ 11 NOR/ NOR/ NOR/ NOR 40-96-4 ⭕ ️



Available on both of ASTER and RadCalNet

data (LCFR)
Date Gain Path/ Row/ VIEW Nadir

2016/ 4/ 25 HGH/ HGH/ NOR/ NOR 196-86-3 �

2017/ 2/ 23 NOR/ NOR/ NOR/ NOR 196-86-4 ⭕ ️

2017/ 3/ 27 NOR/ NOR/ NOR/ NOR 196-86-4 ⭕ ️

2017/ 4/ 28 NOR/ NOR/ NOR/ NOR 196-86-4 ⭕ ️

2017/ 5/ 14 HGH/ HGH/ NOR/ NOR 196-86-3 �

2017/ 5/ 30 NOR/ NOR/ NOR/ NOR 196-86-4 ⭕ ️

2017/ 8/ 2 NOR/ NOR/ NOR/ NOR 196-86-4 ⭕ ️

2017/ 10/ 5 NOR/ NOR/ NOR/ NOR 196-86-4 ⭕ ️

2017/ 11/ 6 NOR/ NOR/ NOR/ NOR 196-86-4 ⭕ ️

2017/ 11/ 22 NOR/ NOR/ NOR/ NOR 196-86-4 ⭕ ️

2018/ 2/ 10 NOR/ NOR/ NOR/ NOR 196-86-4 ⭕ ️

2018/ 7/ 27 HGH/ HGH/ NOR/ NOR 197-86-7 ❌

2018/ 8/ 5 NOR/ NOR/ NOR/ NOR 196-86-4 ⭕ ️

2018/ 8/ 21 NOR/ NOR/ NOR/ NOR 196-86-4 ⭕ ️

2018/ 9/ 22 NOR/ NOR/ NOR/ NOR 196-86-4 ⭕ ️

2018/ 10/ 24 NOR/ NOR/ NOR/ NOR 196-86-4 ⭕ ️

2018/ 11/ 9 NOR/ NOR/ NOR/ NOR 196-86-4 ⭕ ️

2018/ 12/ 11 NOR/ NOR/ NOR/ NOR 196-86-4 ⭕ ️

2018/ 12/ 27 NOR/ NOR/ NOR/ NOR 196-86-4 ⭕ ️



ASTER observation over Gobabeb

Category : STAR Local

Objective : Calibration

Duration : 3yrs.

Observation ：FULL mode (VNIR/SWIR/TIR)

VNIR Gain：NOR/NOR/NOR

Frequency : 1 obs. / 32days (11 obs. / yr )

Usual frequency is 1 obs. / 48 days

Both area of west and east cannot be observed in 

case of 1 obs. / 16 days.

Cloud : 1~100%

GC : ON

EDS(Expedited Data Set) Flag : OFF

Urgent Flag : OFF

ASTER observation request

Date Gain Path/ Row/ VIEW Nadir

2017/ 9/ 12 HGH/ HGH/ NOR/ NOR 179-212-3 �

2017/ 10/ 30 HGH/ HGH/ NOR/ NOR 179-212-3 ❌

2017/ 11/ 6 HGH/ HGH/ NOR/ NOR 180-212-7 ❌

2018/ 3/ 30 NOR/ NOR/ NOR/ NOR 180-212-7 ❌

2019/ 3/ 26 NOR/ NOR/ NOR/ NOR 179-212-4 ⭕ ️



Baotou on Jun 3, 2017

2.8 deg pointing

Band 1/2/3N/3B Gain = NOR/NOR/NOR/NOR

37 ASTER scenes is 

available over BSCN 

since 2017 (~Mar 5, 

2019).



RadCaTS and AIST Vicarious calibration area

GVR22

GVR24
GVR21

GVR23

ground-viewing radiometer (GVR)

330m

Sep 6, 2014



Nov 28, 2014

Nov 29, 2014

Vicarious calibration experiment over Lake Lefroy



99% panel, BRDF characterized



 Vicarious calibration experiment needs very clear sky, and needs various 

resources (human, time, cost, …)

 When is best time to go to the calibration sites ?

Railroad valley



MODIS Cloud Mask product 
 The MODIS Cloud Mask 

product (MOD35_L2 and 

MYD35_L2) are daily 

global Level 2 products, 

and provide 48-bits (6 

bytes) field in each 1km 

pixel.

 The version of all products 

we used is collection 6.1, 

which is the latest MODIS 

cloud mask product.

 This research define 

“Confident Clear” and 

“Probably Clear” as clear-

sky.

 We use MOD35_L2 from 

2000 to 2018, and 

MYD35_L2 from 2002 to 

2018.

Bit fields within first bite of the 48-bit MODIS cloud mask



Methodology

Mar 07Mar 06Mar 05 Mar 08 Mar 09

Probably Clear or Confident Clear Cloudy or uncertain

tt-1t-2 t+1 t+2

r(t) = 0.4

 All products are downloaded from the NASA LAADS.

 10,838 MOD35_L2 and 9,721 MYD35_L2 products were processed.

Mar 08Mar 07Mar 06 Mar 09 Mar 10

r(t) = 0.6

………………

……………



Mean value of clear sky ratio

Clear sky ratio 

(>0.900) in the 

morning :

Jun 25 ~ Sep 18

Clear sky ratio 

(>0.850) in the 

afternoon:

Jun 19 ~ Sep 25

Clear sky ratio is higher in 

the morning than afternoon.

Mean value of clear sky ratio on 

specific date is calculated from 

2000 – 2018 ( 2002 – 2018 ).



Mean value for a five year period of clear sky 

ratio over Railroad Valley

Past trend of 

clear sky ratio is 

almost same as 

the current trend.

MOD35_L2

MYD35_L2



Conclusions

• Available on both ASTER and RadCalNet data over 

RVUS and LCFR.

• ASTER over BSCN is available since 2017.

• ASTER observation request over Gobabeb site.

• We plan to compare between ASTER degradation and 

RadCalNet data.

• ---

• The preferable period for the vicarious calibration 

experiments over Railroad valley playa is from late June 

to late September (RVUS).

• Experiments in the morning could have slightly 

advantages to afternoon experiments (RVUS).


