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Space ADS-B overview m&ra?at

A radio link between ADS-B-aircraft and the satellite should be
considered at the very first.

e —
parameter __________fae k|
Power [P 8w/ W

X antenna gain 1 dB
2 dB
X Bit rate 1.04 Mb/s
23 dBW
Atmospheric gasses loss 2.5 dB

Polarization loss 6 dB

RX antenna gain 5 dB

RX sensitivity -103 dBm
ax Range 925 km

R —-

- The link budget is calculated based on the assumption that we have
antenna with higher gain and the receiver with higher sensitivity than
the ground device. And the supposed maximum range is figured out
o be quite sufficient for this mission with orbit of 480km.

ADS-B receiver micr;s?at

ADS-B receiver
Antenna p )
LED

12C

> A SDR receiver
Provided by Gomspace
= RF: demodulation
FPGA: Symbol decoding and packet checksum
MCU: Packet decoding and data storage

= 1090ES standard

Sensitivity < -103 dBm

Power consumption: <600mW
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Antenna m&rgs?at

A helical antenna which can be stowed to fit on the end of a standard
~ |CubeSat structure is used for space receiving

Center Frequency : 1090MHz
RHCP

Peak gain: 8.8 dBi
Beamwidth (3 dB, half

tenna for ADS-B stowed Antenna for ADS-B deployed

Ground test mict o
[he ADS-B message has an 8 bit preamble followed by the data block of

2 bits. The message containing aircraft ID, position and velocity is
modulated BPPM, and the BPPM signal is modulated by ASK.

order to simplify the test and the modulated ADS-B signal can
simulated by vector signa specific parameters are set.
commercial ADS-B ant f 2 meters is used in the
pund test. Left the an Bi near the window, the
eiver can obtain hun ur.

setting for ADS-B simulation

parameter jalue
P Keysight N5172B

FEC LA 1090MHz
W/ LT RATT NAS K

AETINRNYQ (alfa=1.00) EVM
SymRate PV

User File (ADS-B @BIT) which
specify messages with known
plane  position  and ID
information

(071 Continuous (Free Run)

Preamble Data block
80us 12 s

Bitt | Bi2] B3] B N1 | BitN
vioi1foj1folt{ol [ 1 frioitfo
35 45 80 80
Time (us) ! |

fololofol ofefr]

ADS-B message
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In orbit result m&r@at

> On the second day after the launch, Sept 26th 2015, when the STU-2C
| passes over Shanghai ground station at 18:15pm, the deployment of
the helical antenna is successful.

> After the deployment, the ADS-B receiver on board the CubeSat was
switched on via tele-command first trial. Inmediately the STU-2C
captured ADS-B signals tra rom 16 aircraft flying under the
satellite. Since then the s successfully received over
132425 ADS-B signals from crafts (Based on data collected
by 10t Jan, 2016).

1

- The SD card which is mean to store the data collected by the payload
did not work well in space and we have to depend on the limited
space in the RAM which only can store less than 2000 messages each
time.

In orbit result m&r@at

> The software to display the decoded ADS-B messages has been
developed by Shanghai Carbon Data Research Center for better
analyzing the in-orbit data.

¥

The STK like display software can show the position (green spots in the window stand for the specific
position of the plane be heard) of plane messages in real time with the STU-2C flying according to the
orbit (green line in the window indicates the trajectory of the STU-2C) propagated by TLEs imported.
The information like plane ID, latitude, longitude and altitude, speed, and the moment be heard is well
shown in the window (2D or 3D) when we point to a spot with arrow.

¥
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In orbit result
ﬁudget

nﬁgpo

= when we click a specific spot, the distance between the plane and STU-
2C at the moment is calculated to give user a brief impression of the link

A;Bt

Based on the telemetry of the max number of frames for the receiver
to decode is 182 every 10 seconds, and minimum number could be
zero during the pass of some the oceans. The distance between the
plane heard and the satellite (STU-2C) can reach 1500km which can
indicate the sufficient of the link budget.

In orbit result

osdat
-
= /Accumulative data of one month (2015/10/12-2015/11/11) could give us a brief compression of
routes across continents could be clearly seen from the map.

L) ,

micr
_the most busy air traffic like the European, the North of American and the East of Asia. Several
= In sharp contrast, the ADS-B messages heard from southern hemisphere is so rare and is not
'~ so realistic although in generally air traffic in South African and South American is much less

ﬂ han the northern part. RAM storage may be the greatest cause which makes the receiver has
Ino space to record the data during the satellite passing the southern hemisphere.

. ).
m@osat
Shanghai Engineering Centr for Microsate
aircrafts distribution captured by STU-2C
(data obtained from 2015/10/12-2015/11/11 UTC)

2015-10-12~2015-11-11
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The fusion of space data and ground datan&p;gat

space-based ADS-B system for aircraft tracking has obvious
advantage compared to ground ADS-B when we compare the in-orbit
data with the ground ADS-B data provided by VariFlight Technology in
hina. A sample (10/12/15-30/12/15) of 41,433 messages taken from the
data collected by STU-2C yiel ing conclusion.

t provides a powerful
data collected by groun
'52% of the data from C
ieading to a conclusion
reliability of satellite-based
monitor flights’ tracks by satellites.

when compared with the
worth mentioning is that
ved from ground stations,
ed ADS-B is bringing the
ce data and it is possible to

' The fusion of space data and ground datan&@at

A very interesting phenomenon is that only 13.6% of the space-based messages are
acquired below an altitude of 10,000 feet.

The main reason is that ADS-B signal is easily disrupted by mountains, buildings and
other obstacles.

This satellite-based data collection may be less effective than ground-based ADS-B
stations for mountainous areas, es me business districts where millions
stations have been located to guai ing the taking-off and landing of the
flights.

Example :

-2C has coincidently recorded s
lernational Airport which is located
ifplanes were near the airport accol
ansmitted from ground stations at the

passed over Chengdu ShuangLiu
led by mountains. And only several
However, signals are continuously

he space-based ADS-B data provided by The ground based ADS-B data near Chengdu
~ VariFlight near Chengdu Shuangliu Shuangliu International Airport
International Airport
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' The fusion of space data and ground datan\;_c/;sjat

In regions with little ground-based equipment, space-based system
shows its irreplaceable advantage. Here we take the air route from
~Chengdu to Lhasa as an example. Due to the special topography of
ibet, it is nearly impossibl i round stations along this air
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The ground based ADS-B data provided by The space based ADS-B data (by STU-2C)
VariFlight near CHENGDU and Lhasa near CHENGDU and Lhasa

"' The fusion of space data and ground datan\;_c/;sjat

R e

Comtr)inartionrof the data from CubeSat and ground stations '
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" The fusion of space data and ground datan&’;?at

When we combine the ground data with satellite data, we have a whole
| view of the flight situation. The air routes are clear and are matched

well with the air routes report data

Combinartionrof the data from CubeSat and ground stations '

" The fusion of space data and ground datan&’;?at

e assume that we have a global system consisting of several
CubeSats which share the same performance with STU-2C. Then a

77.52% of coverage by space-based ADS-B can be approaching, which
s approximately the same of aircrafts installed ADS-B
equipment globally. The r icates an efficient solution
o fill in current radar ¢ in a full global coverage
n the near future.

> In summary, the data
\its own advantages

ore useful where the

he space based data c

ground stations has
round based data is
anding or sliding, while
er of regions where the
round station is hard to s, polar area and other no
- man’s lands. If these two kin ata can take each other as a
- complementary, then the data will be more complete and can supply
- for some special application areas.
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