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Aim of Morishita’s graduation thesis

• Low-cost aircraft detection system for SLR
• Build-up & test

• Develop software to overlay satellites and airplanes

• Quantify the broadcast positions of airplanes

• Note: ADS-B is not mandatory in Japan, but the vast 
majority of civil aircraft carry it. 



Instrument





~ EUR 44, USD 49



~ EUR 23, USD 25





+ 

SMA Female – MCX Female converter

Breadboard & LEDs

~ 10 USD/EUR

Total < 100 USD/EUR

(student’s labour counted as zero)



FlightAware





Small antenna working OK?

https://flightaware.com/adsb/stats/user/totsubo#stats-108764

N
u

m
b

er
 o

f 
d

et
ec

te
d

 a
ir

p
la

n
e

s

https://flightaware.com/adsb/stats/user/totsubo#stats-108764


Software



Software (Python) overview

JSON →

CPF →







Evaluation







Analysis results

• 95% of photographed airplanes successfully 
matched with ADS-B

• Photography vs ADS-B
• dAz/dEl mostly < 1-2 degrees

• dAz/dEl up to 7 deg when NIC = 0 

• STDEV of positions →

NIC = Navigation Integrity Category NIC

Stdev

Horizontal

(m)

Stdev

Vertical

(m)

0（2.8％） 601 282

7（7.6％） 131 65

8（82.6％） 84 32

9（6.9％） 74 17



What’s NIC (Navigation Integrity Category)?

https://adsbperformance.faa.gov/PAPRUsersGuide.pdf

https://adsbperformance.faa.gov/PAPRUsersGuide.pdf


Conclusions

• ADS-B-based aircraft alert system built at < 100 
EUR/USD.  Try at home.

• Software (python) available upon request.

• Enlarge the no-laser-firing zone when NIC is low.

• Future to-do’s:
More photograph matching

On-site test @NICT, @JAXA, …

Japan to mandate ADS-B?


