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A Radiation Detector Payload 

for Ten-Koh of KIT for launch 

by JAXA to Polar Orbit in 2018  





H-II A (40) Launch on October 29, 2018 by JAXA Japan 
Ten-Koh Spacecraft with PVAMU Payload: SHARP-CPD  
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SHARP-CPD Data on December 1, 2018 
from Ten-Koh thru KIT-Japan 

“typical proton data and few x-rays” 



December 1, 2018 (Data) 

• Date:  
– December 1, 2018 

• Start Time: 
– 01:42:10 (JST) 

• End Time: 
– 01:50:23 (JST) 

• Number of Data Sets 
– 20 

• Each Data Set 
– 30 sec (8 sensors) 

• Lat / Long 
– Start Lat: -57.2905 
– Start Long: -67.3935 



December 1, 2018 - # 01 



December 1, 2018 - # 02 



December 1, 2018 - # 03 



December 1, 2018 - # 04 



December 1, 2018 - # 05 



December 1, 2018 - # 06 



December 1, 2018 - # 07 



December 1, 2018 - # 08 
 



December 1, 2018 - # 09 



December 1, 2018 - # 10 



December 1, 2018 - # 11 



December 1, 2018 - # 12 



December 1, 2018  # 13 



December 1, 2018 - # 14 



December 1, 2018 - # 15 



December 1, 2018 - # 16 



December 1, 2018 - # 17 



December 1, 2018 - # 18 



December 1, 2018 - # 19 



December 1, 2018 - # 20 



Data Set 1 of 20 (December 1, 2018) 

CPD-Sensor

Obs Count 

(value)

Obs Min 

(value)

Obs Max 

(value)

Flux                     

(#/cm2/s)

Energy-Min 

(MeV)

Energy-Max 

(MeV)

Open (2) 88 10 16 7.92 62.50 76.00

Open (4) 110 12 22 9.90 67.00 89.50

CPD-Sensor

Obs Count 

(value)

Obs Min 

(value)

Obs Max 

(value)

Flux                     

(#/cm2/s)

Energy-Min 

(kV)

Energy-Max 

(kV)

X-Ray (0) 0 0 0 0.00 0.00 0.00

X-Ray (6) 0 0 0 0.00 0.00 0.00

Observed – Set 1/20 
Low Energy Particles 
No x-ray events  



Data Set 15 of 20 (December 1, 2018) 

CPD-Sensor

Obs Count 

(value)

Obs Min 

(value)

Obs Max 

(value)

Flux                     

(#/cm2/s)

Energy-Min 

(kV)

Energy-Max 

(kV)

X-Ray (0) 3 8 8 0.27 61.60 61.60

X-Ray (6) 0 0 0 0.00 0.00 0.00

CPD-Sensor

Obs Count 

(value)

Obs Min 

(value)

Obs Max 

(value)

Flux                     

(#/cm2/s)

Energy-Min 

(MeV)

Energy-Max 

(MeV)

Open (2) 53 10 40 4.77 62.50 130.00

Open (4) 68 12 58 6.12 67.00 170.50

Observed – Set 15/20 
Medium Energy Particles 
Three x-ray events  



Data Set 18 of 20 (December 1, 2018) 

CPD-Sensor

Obs Count 

(value)

Obs Min 

(value)

Obs Max 

(value)

Flux                     

(#/cm2/s)

Energy-Min 

(MeV)

Energy-Max 

(MeV)

Open (2) 53 10 43 4.77 62.50 136.75

Open (4) 61 12 70 5.49 67.00 197.50

CPD-Sensor

Obs Count 

(value)

Obs Min 

(value)

Obs Max 

(value)

Flux                     

(#/cm2/s)

Energy-Min 

(kV)

Energy-Max 

(kV)

X-Ray (0) 0 0 0 0.00 0.00 0.00

X-Ray (6) 0 0 0 0.00 0.00 0.00

Observed – Set 18/20 
High Energy Particles 
No x-ray events  



SHARP-CPD Data on December 19, 2018 
from Ten-Koh thru KIT-Japan 

“several x-ray events and high energy” 
 



December 19, 2018 (Data) 

Date Latitude Longitude Altitude Data Set

19-Dec-18 -78.5317 -51.5037 631.605 6th Data

19-Dec-18 -77.172 -57.1078 631.689 6th Data

19-Dec-18 -75.6691 -61.7873 631.728 6th Data

19-Dec-18 -74.1489 -65.4859 631.719 6th Data

19-Dec-18 -72.5251 -68.6614 631.662 6th Data

19-Dec-18 -70.8623 -71.328 631.559 6th Data

19-Dec-18 -69.2265 -73.529 631.415 6th Data

19-Dec-18 -67.5114 -75.4988 631.223 6th Data

19-Dec-18 -65.8359 -77.1649 630.995 6th Data

19-Dec-18 -64.0877 -78.6894 630.719 6th Data

19-Dec-18 -62.3273 -80.0483 630.402 6th Data

19-Dec-18 -60.6158 -81.2317 630.059 6th Data

19-Dec-18 -58.8368 -82.3435 629.669 6th Data

19-Dec-18 -57.0504 -83.3589 629.243 6th Data

19-Dec-18 -55.3176 -84.2629 628.8 6th Data

19-Dec-18 -53.5195 -85.1292 628.312 6th Data

19-Dec-18 -51.7767 -85.9093 627.813 6th Data



Data Set 8 of 15 (December 19, 2018) 

Observed – Set 7/18 
More Flux of Particles … 
More on one sensor… 
Many x-ray events …  

CPD-Sensor

Obs Count 

(value)

Obs Min 

(value)

Obs Max 

(value)

Flux                     

(#/cm2/s)

Energy-Min 

(MeV)

Energy-Max 

(MeV)

Open (2) 135 48 68 12.15 148.00 193.00

Open (4) 71 53 61 6.39 159.25 177.25

CPD-Sensor

Obs Count 

(value)

Obs Min 

(value)

Obs Max 

(value)

Flux                     

(#/cm2/s)

Energy-Min 

(kV)

Energy-Max 

(kV)

X-Ray (0) 12 6 17 1.08 56.20 85.90

X-Ray (6) 5 6 8 0.45 56.20 61.60



Data Set 7 of 18 (December 19, 2018) 

Observed – Set 7/18 
High Flux of Particles … 
Med Energy Particles … 
Several x-ray events … 

CPD-Sensor

Obs Count 

(value)

Obs Min 

(value)

Obs Max 

(value)

Flux                     

(#/cm2/s)

Energy-Min 

(MeV)

Energy-Max 

(MeV)

Open (2) 112 48 57 10.08 148.00 168.25

Open (4) 89 53 66 8.01 159.25 188.50

CPD-Sensor

Obs Count 

(value)

Obs Min 

(value)

Obs Max 

(value)

Flux                     

(#/cm2/s)

Energy-Min 

(kV)

Energy-Max 

(kV)

X-Ray (0) 5 6 31 0.45 56.20 123.70

X-Ray (6) 6 6 9 0.54 56.20 64.30



Data Set 18 of 18 (December 19, 2018) 

Observed – Set 18/18 
High Flux of Particles … 
High Energy Particles … 
High x-ray ENERGY … 

CPD-Sensor

Obs Count 

(value)

Obs Min 

(value)

Obs Max 

(value)

Flux                     

(#/cm2/s)

Energy-Min 

(MeV)

Energy-Max 

(MeV)

Open (2) 75 48 83 6.75 148.00 226.75

Open (4) 60 54 92 5.40 161.50 247.00

CPD-Sensor

Obs Count 

(value)

Obs Min 

(value)

Obs Max 

(value)

Flux                     

(#/cm2/s)

Energy-Min 

(kV)

Energy-Max 

(kV)

X-Ray (0) 15 6 161 1.35 56.20 474.70

X-Ray (6) 6 6 7 0.54 56.20 58.90



SHARP-CPD Data on December 25, 2018 
from Ten-Koh thru KIT-Japan 

“Few x-ray events and low intensity” 
 



December 25, 2018 (Data) 

• Date:  
– December 25, 2018 

• Start Time: 
– 14:09:57 (JST) 

• End Time: 
– 14:16:51 (JST) 

• Number of Data Sets 
– 15 

• Each Data Set 
– 30 sec (8 sensors) 

• Lat / Long / Alt 
– Start: -70.68 / -38.88 / 634.21 
– End: -46.22 / -55.38 / 627.33 



Data Set 8 of 15 (December 25, 2018) 

Observed – Set 8/15 
More Flux of Particles … 
More on one sensor… 
No x-ray events …  

CPD-Sensor

Obs Count 

(value)

Obs Min 

(value)

Obs Max 

(value)

Flux                     

(#/cm2/s)

Energy-Min 

(MeV)

Energy-Max 

(MeV)

Open (2) 1 48 48 0.09 148.00 148.00

Open (4) 95 53 62 8.55 159.25 179.50

CPD-Sensor

Obs Count 

(value)

Obs Min 

(value)

Obs Max 

(value)

Flux                     

(#/cm2/s)

Energy-Min 

(kV)

Energy-Max 

(kV)

X-Ray (0) 0 0 0 0.00 0.00 0.00

X-Ray (6) 0 0 0 0.00 0.00 0.00



Data Set 15 of 15 (December 25, 2018) 

Observed – Set 15/15 
High Flux of Particles … 
High Energy Particles … 
Several x-ray events … 

CPD-Sensor

Obs Count 

(value)

Obs Min 

(value)

Obs Max 

(value)

Flux                     

(#/cm2/s)

Energy-Min 

(MeV)

Energy-Max 

(MeV)

Open (2) 67 50 92 6.03 152.50 247.00

Open (4) 139 53 108 12.51 159.25 283.00

CPD-Sensor

Obs Count 

(value)

Obs Min 

(value)

Obs Max 

(value)

Flux                     

(#/cm2/s)

Energy-Min 

(kV)

Energy-Max 

(kV)

X-Ray (0) 2 25 25 0.18 107.50 107.50

X-Ray (6) 7 11 86 0.63 69.70 272.20



X-Ray Data 

Calibration and Assessment  



X-Ray Data = Calibration 

• Glass Removal - For our CMOS sensors, to detect the low energy florescence from 
x-rays, we opted the removal of the cover glass on the sensors.   
– We accomplished this with the help from PXI (Pacific X-Ray Imaging Company with their undisclosed 

process pertinent to their expertise).  

• Florescence Coating - Mr Holland and his team identified the florescence material 
(X-Ray Phosphor Yttrium Oxysulfide). 
– Prepared a compound with required bonding capability so that a thin layer can be coated directly on 

to the surface wafer of the CMOS sensor.  

• X-Ray Testing - These coated sensors are used to test the incident x-ray energy 
impingement from 80 kV through 320 kV in various steps.   
– Data was collected on to a sensor gadget with electronics identical to the payload data collection 

process system.  

• Region of Interest – At the central region of the sensor, about 1000 x 1000 pixels 
are used to collect data from a collimated beam through the florescence material.  
– Data from about 100 x 100 pixel region of interest was used to develop the following interpretation.    

 



© Rahman / Saganti - 2019 



© Holland / Saganti - 2019 



© Rahman / Saganti - 2019 



Liulin Data 

Estimation of Dose-Rates 



Data from Liulin Ten-Koh = GCR 
Day/Time Exposition 

[sec] 
Counts Flux [cm

-2
 s

-1
] Dose rate 

[Gy h
-1

] 

08/11/2018 13:17:00 15.286 10 0.33 2.13 

12/11/2018 13:59:00 15.286 11 0.39 2.35 

12/11/2018      15.286 6 0.19 0.39 

18/11/2018 13:33:53 15.286 8 0.26 2.79 

18/11/2018  15.286 7 0.23 0.92 

Aver. (Liulin Ten-Koh)   0.28 1.72 

Aver. (R3DR2)   0.46 1.57 

 
“From Table 1 it is seen that the “Liulin Ten-Koh Saganti” average dose rate is 1.72 mGy h-1, 

while the average flux is 0.28 cm-2 s-1. The values are typical for GCR at low latitude ~34°N 
at the longitude of about ~140°E. To confirm these values, we take data from the R3DR2 
instrument on the ISS in the time interval 21-30 June 2015.  … The obtained R3DR2 average 
dose rate and flux values from 46 points inside a rectangular area with coordinates between 
139° and 141° geographic longitude and between 30° and 40° geographic latitude are 1.57 
mGy h-1 and 0.45 cm-2 s-1. These values are close to the “Liulin Ten-Koh Saganti” values and 
confirms our expectations that GCR particles are registered.” 
 
Prof. Dachev (BAS) - Aerospace Research in Bulgaria, 2019  

© Dachev / Saganti - 2019 



Data from Liulin Ten-Koh = GCR 

• Comparison of the “Liulin Ten-
Koh Saganti” deposited energy 
spectrum shape with spectra, 
obtained on ISS with R3DR2 
instrument for the period 21–30 
June 2015.  
– - The R3DR2 spectrum represent 

the global GCR dose rate, which is 
in average 2.78 mGy h-1, while the 
Liulin Ten-Koh average spectrum 
represent only high latitude doses 
with average value of 10.52 mGy h-

1.  
– - The higher altitude of the Ten-Koh 

satellite (~620 km) than ISS (415 
km) 

• Prof. Dachev (BAS) - Aerospace 
Research in Bulgaria, 2019  

 
 

© Dachev / Saganti - 2019 



Conclusions / Comments  
SHARP-CPD on Ten-Koh in 2018 

• SHARP-CPD Payload (8+1 sensors) 
– All commands and changes to threshold values received and updated as requested 

– Data received and sent via radio frequency waves (between 435 – 437 MHz)   

• Open Sensor Particle Energies 
– During the month of December 2018, we have seen the energy of the particles 

(primarily protons) between 60 MeV and 240 MeV 

• Covered Polyethylene / Polystyrene Shielding  
– During the month of December 2018, we have seen the energy distribution behind the 

uniform shielding block between 20 and 120 MeV 

• X-Ray Measurements 
– We have our first measurements with a simple device (luminescence from x-rays) 

– We measured x-ray energies between 10 and 120 keV (potential up to 200 keV) 

• Liulin Dose-Rates 
– Polar orbit (93 deg and 600 km altitude) average dose rate is 1.72 mGy/hr 

– Compared to ISS (51.6 deg and 400 km altitude) average dose rate is  1.57 mGy/hr 



PPD Payload on Shinen2 (2014)  

As part of Hayabusa2 Launch by JAXA 

For KIT-Japan with its Only Payload 





PPD Build Restrictions 

• Designed, developed, tested and delivered in six months to 

meet these requirements:  

– (i) low weight (~ 800 gr) 

– (ii) low power (~ 1 W) 

– (iii) high reliability over few years (~ 5+ years) 

– (iv) high tolerance in deep-space harsh radiation environment and 

temperatures (-50o C to +50o C) 

– (v) with the capability to provide data downlink over a low bit rate 

communication transmission via amateur radio transmission (between 2 

- 5 kb/s) from deep-space. (Return highest hit over 3-minute intervals.) 



Sensor Description 

• CMOS digital image sensor 
– MT9M001(1.3 Million pixels) 

• Active imager size  
– 6.66 mm (H) x 5.32 mm (V) 

• Active pixels  
– 1,280 H x 1,024 V 

• Pixel size  
– 5.2 μm x 5.2 μm 

• Power consumption  
– 363 mW at 3.3 V (operating) 

• Operating temperature  
– 0°C to +70°C 

• Packaging  
– 48-pin CLCC 

 



56 

Particle Pixel Detector (PPD) -  
An Engineering Unit (Prototype) 
Developed for Deep-Space 
Launch on Shinen2 as part of 
Hyabusa2 spacecraft from Japan 
in December -2014 





Dec 3, 2014 

Shinen2 Launch from JAXA, 
December 3, 2014 



Radiation Belts - Illustration 
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Sustained high intensity radiation measurements  for  
about 30 min (Radiation Belts) 



Dec 15, 2015 

Shinen2 to Pass Near Earth 
December 15, 2015 



The Robert C. Byrd Green Bank 
Telescope (GBT) is the world's 
largest fully steerable radio 
telescope.  
 
National Radio Astronomy 
Observatory (NRAO) site at Green 
Bank, West Virginia. 
 
December 3-6, 2015:  NRAO GBT 
Team helped to collect data from 
Shinen2 (payload – PPD) for 
PVAMU. 





Texas A&M University System (TAMUS) Chancellor’s Research Initiative (CRI) @ Prairie View A&M University (PVAMU)  


