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Utilizing Software-Defined Radio, Reception Test of AIS
Payload Used in a Cube-Satellite
Shin-Hyung Kim, Chang-Hyun Lee, Gun-Woo Kim, Dong-Hyun Cho'

Department of Aerospace Engineering, Pusan National University, Busan 46241, Korea
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Abstract

Automatic Identification System used in ship communication is required for marine control way, including
monitoring of vessel operation in coastal and exchanging of information for safety navigation between
them. But, it uses a very high frequency band of approximately 160 MHz, and at the same time, due to the
curvature of Earth, there is a limit to the communication distance. Several demonstrations were made
successfully over satellite, but not much work has been done yet through cube-satellite which has low-
orbit at 500 km altitude. Here, we demonstrate a reception test of AIS (automatic identification system)
receiver for a cube-satellites using software—defined radio (SDR). We collected AlS data from ship at port
of Busan, Korea, using R8202T2 SDR and established to transmit them using Adam-Pluto and Matlab
Simulink. The process of weakening the signal strength to a satellite was constructed using attenuator.
Through above process, we demonstrated whether AIS data was successfully received from the AIS

payload.
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Fig. 1. Concept of operations. PNUSAT-1, Pusan National University Satellite No. 1.
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Fig. 29} Zo| AutolA F&sk= AIS 458 9430l

QubeAlS BES 41451t o= 1U+ 3719 FEYA0 &A 71 2710, Satlab it
QubeAlS 2Eo] £ He= AIS 418.9] Raw Datar= NMEA(Nation Marine Electronics

oflA Al&FotAct.
Association) E&& WZ2H, oA|Z Fig. 33} At} Ful G2 FEEH A A|THERE X}

A= ofulE 245 H=t 2ol

Fig. 2. QubeAlS module.
6) 7)

IAIVDM , 1,1 , A, 14eG:o@03408sd<1.91 :a, WF=062D , 0*7D

2) 3) 4) 5)

1)
Fig. 3. AIS raw data. AIS, automatic identification system.
https://www.jstna.org | 123



ATEQO| HO| 2TIQS BET ZAHANE MUYLLEIR|Y +4NF

@ AIS VDM message

@ AA 249 4

® AA FF5e =
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tlofelollA szl ©2|717F A= o] AdolA] 7hsRt siZlE A oAl =4l ALS
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ok ol SA Fokas 247171 ARgEh miFl "Ej9] 32 GMSK X719 o] A
31, 9,600 bps HIE AEHS] 73S 5l Azt & dlo]g] B+ E502 HAgHrt. uHA|
gog w7l HF 1ol o3 BlE AEFo] SHE HDLC Zd|Y] %2} CRC CheckSum
LS AARI) o9t 28 AL AXH Table 29} 22 40 byte?] 2715 7Kt} 1 & SD
7teo|| 2144 golHE Agzoz ojig EZAIZ 5= 9.

ol

Table 1. Bit field description

Ship’s information Bit Description
Message ID 6 Message identification
MMSI number 30 Maritime mobile service identity
Longitude 28 1/10,000 min unit
Latitude 27 1/10,000 min unit
Direction 9 0-359 degree
Channel Ll Packet Ll Center Freq.
Filter Detector Estimator
____________ I I
Input : :
I S S
Packet |, Demodulator |—» Clock & Data Ll Packet L Outout
Filter u Recovery Verification P

Fig. 4. Overview of the demodulator and frame decoder.
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Table 2. Data size

Data type Size
Raw data 256 bit
Decoded data 40 byte

Fig. 5= QubeAlS E0] HES Igst7] 9ol AHA| ARet g Hes Hojsa gtk
A Heo] S5 HdZ AlS ZAH F-50] R37E 3.3V, 5 VE &5 o] EH; Pl
AYEE Folo] A& FF5taL, P2 AYEE S5to] AIS ZAIH iFol 14T 4= Sick
1% 8% 29 AANA vlUZ(Minicom, AlZE FA418 EUY)E AR8sto] A4ttt

Fig. 6 U= B0l A3t BPolE HolFal ok UART -S4l ARG Zlo)7] o
off Rl &9l 115,200 bpsE AHshFaL, CSP izl 7] sf 742k Alo|Eg ]
e 77 A A9 =t

QubeAlS Receiver®} HIHEE 7o B 9 Ho[HE 54T & UE= Satctl= AME
3t} Satctlo]®t Satlab control®] 2kAFe]™ QubeAlS Receiver?] AZALNA AZGE c<1o]
AT o[t olF HupAsH | s WafE ARESH= Aol AFEH, o= AZE HE 715
9] &FAAof| gt Cross-Development ToolZH Y= A58} o[t} Fig, 70 Adutd
o] =EEE IS UEgIch A o2 o] APutlE 53 QubeAlS Receiver?t 9

% HolEE SpAld &

Mo

Fig. 5. Power line.

‘> mount -o remount,rw f
echo 115288 = /mnt/
echo decault=

3 > /mnt,
= /mnt/ro

Fig. 6. Minicom command.
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-l satctl

1 configure bulld

Fig. 7. Build process.
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olE 9J3F SDR £417]15 &-83t AIS & AIE9 1442 Fig. 83} Zo] 35kt A
WA DA E R820T2 SDRE S8l - A A AIS A5 £HT & UL, 7 ¥ &
2 A A5E 7R APA Yol Adalm-Pluto SDRE &-83to] 5418k 4= Qlct. up
Ao g AIS Als7t 7HA] 11 A=E Yot == 455 HARSH] S8 7]
(attenuator)Z AREsHa] L@3IQIT) o]t A W) QubeAlS EEOJA] AIS 415 424l0]
A E = =Aof et A x1PFstrt

3.2 SDR #AI7|Z £3t AlS A% HlO|E| &S

7lzo] Sriest 7% AARES dustel WY slselglthel SDRE Tlete] Ao
W8 AARES A LLEolst vl Srie )%o] uigls AXolct. wreb, st
o] ]z Tkt 3-80] ZRsitks 4ol Ik oleidt SDR 441715 A 8RN Qi
e o] AiH o Ak, 2717k 4%0)7]0] okelolAl HlojElg Ssi7]o] go

AIS Data R820T2 SDR Adalm-Pluto SDR Attenuator QubeAlS

Fig. 8. Overall system diagram.
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SIth. T3 MATALBY Support PackageS -85t 4= Qlo] AY Aol W7o 44| o]-8go]
7Fs31H, o]of g3t SDR 424171 24] R820T2 SDRE A5+ .0.H, Fig. 99l eIt
Fig. 103} Zo] lrERo| AX|sl= 752 A XPsiqitt. A wiA DA = AQte] Adro
EHE HA| AIS 4155 ARotarzt gttt olF LA3felA Fig 113 2tk
ESH Fig. 129} 22 MATLAB =-2(Add-on)ollA] Al85k= ‘Communication Tool Box
package for RTL-SDR& &-8& & =5 A3t

Fig. 9. R820T2 SDR. SDR, software—defined radio.

Fig. 10. Installation to laptop.

SLONY-

AIS Data Collect Signal Save

Fig. 11. First process.

A Mabiniorks

HFEEREY

Applications Buikd a0 FM mono receiver using & Rassoesry

a0 BTLSOR radke You
sk

pisclines
Engnesring

E
bl s L] ‘Communications Toolbax Support Package for RTL-SDR Radio % 3 lathiorks Comrumications Teolbo: Tesn (I )

e AF data wsiog RTL-S0R

uss ea 53 StaNgH0n pergne arv

@2 uHY
MaTLas

Fig. 12. Add-on communication toolbox.
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2 161.975 MHz, 162.025 MHz0|7] wZ0] S-451t=(center frequency)E 162
T

ADEQI0 HO| 2trjeE
Fig. 133} &o] @2 Auhso] BHe) Sl= ik Al 4

E49FA Y ‘Ship Tracking Using AlS Signal Example.m’ =5 ARg-51H, AIS A159] 3
H’

FLAL =
= F
5 AL

/‘L——l'\:l o—-‘—/\'\_

MHz2 473ttt

oA} yatsick
ot $40E AT A,

OF 28 Bt A4S
I HlolHE ARSI
245 PO HlolH

Fig. 14%= o] tigt

o}, ofuf, A% s
2 bb B4l Tz
A3}e HolF), AlS A

A1
1 AeE %

I

Fig. 13. Location.
Table 3. Parameter
Parameter Value
Baseband sample rate 230,400
262,144

Sample per frame

>> bbw=conn.BasebandFile¥riter( ais_test.bb', 262144, 162e6);

Command
>> bbw(rev);

ais_test.bb ais_test2.bb ais_test3.bb ais_testd.bb ais_test5.bb

Result

ais2_testbb ais2_test2.bb ais2_test3.bb ais2_testd.bb

Fig. 14. Baseband file.
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3.3 SDR &417|2 S8t AIS H0|f &4

A ZAE AIS A58 $41517] 9510 Fig, 159 22 Adalm-Pluto SDR ZE& 4745}
it s SDR $4171= SDR $5417] BE F H|wd A7he] 4|91 §hH, R820T2 SDR
FA717F 28] Bt $A1 7155 AFstal k. Tt T AR X|4]o] REsielake gukel
Eo] 44 HHE 4= Q=2 otejo] glou g S=Aog RE 9 A B4l 7]&0] gt 7%
£ sesHA T Ug 5 e PR ofEl, MATLAB Simulink AZE o] 57]7]
£ A sl H'H%Oﬂ e AR QIEHOIAGUDE B3l H&sta wiEA HEd 5= Sl

HU

]o_l

B3F SDR BEZ £ olfi= AAl 5004 9140l AUk 3Fefl < 2 HojRlof wht T
Aol B3 ARE A4S Alsl] Stolt B RolA 48aA) ikt 2% 9
149 4000 vhe 87 NS 949] A0l /5T A0S Aslol i 04l 7
53t SDR 2E& A-&5t9rFig. 10).

5 A DA Fig. 172 Zo] b4 X2 AA| AIS 455 $&3 HarAt gkt MATLAB W
Add-on "4 ‘Communication Toolbox Support Package for Analog Devices ADALM-
Pluto Radio’& F7F5HH Simulink WollAl Adalm-Pluto £5-& A 4= Ut

Fig. 187} Zo] MATLAB A& 304 ‘baseband File Reader’ £23} ‘Transmitter &%
S A3} Reader £20= $A 2 bbitAS, Transmitter £5 W A ¥4ol= SDR
FAZIE ARGFS Teh HE2 gow A5t AS siglE wl 2oE Aud

22 Spectral analysisZ A& A3}o|t}, Fig. 19= AIS ASE $A161A] 431 Q1S o,
Fig. 202 AIS A5 S4lskal Qk& Wo] 2TE Ko Fig 20004 AIS 4129 Fut
PGl 160 MHz F-LoflA A3 vlaste] WMot 7= ZAos & v 202 555
1= ACE et 7hssiinh

Fig. 15. Adalm-Pluto SDR.

Fig. 16. Installation to laptop.
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ADEQ0 HO| 2i|RE ETH ZAYAME MuUEESTRR| AN
>
Data Transmit Data
Fig. 17. Second process.
Baseband gata  ADALM-PLUTO
Reader v Transmitter

Fig. 18. Matlab silmulink structure.

Fig. 19. Normal state.

- el |
i N bl

Fig. 20. State using Adalm—-Pluto SDR.
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QubeAlS &2 AHE 500 kmol|4] 28t} Fig. 213} o] AdloflA &5 AlS 4%
7F A& A FAA 500 km, Fo 2AAE 2,100 km)7H] AG=E oA A5 A7
(dB)7} #asHA Het), oligt S AR &A(path loss)ole} gt} o]#|at A4S 744
718 AMgsto] FAsHER g Zloltt. ojuf A3 AI7|(dB) HATRE A B AR &4
(free space path loss, FSPL) AXH]S ARSI 0m, =412 of2j2} ZHTH10].

_ (4ndf)2 0

A: A50] 3P(m)

f: 4129 Fuk(Hz)

d: 541l A2](m)

c:919] £%(3 x 108 m/s)

FSPLA] <0 logE 38l dIAE(dB) 992 AT 4= 9t

4rdy?
FSPL(dB) = 10log,, (T)

4
= 201log,o(d) + 201log,,(f) + 201log, (T)
= 201log;o(d) + 201log;,(f) — 147.5 @

Al £41719] ARl ZHG transceiver)¥ 943 =41719] ARl ZHG receiver)e &3t}
FSPL(dB) = 201og,,(d) + 20log,,(f) — 147.5 — G, — G, 3)

Class A A1efo] tijsto] HERZ A7 AIS AT &5 o] 125 Wol=2 dB T9i2 &
@shd 11 dBolth. $14d 41719 Al F2 00 24822 0 dB= 7Hyeich

2100km 2100km

Fig. 21. Distance.
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uabA AR A5 Al7]E 120-132 dB(w) (= 90-102 dBm) H=9] 747} ojdtty & 5
et B Aol A ARgsH= Adalm-Pluto®] &3 m9h= 7 dBmO|BE ol 1&s] 127-
139 dBw) (= 97-109 dBm) 34l 33 RhEolFH AA| A5 Al7] 7Hh 73S HARE 4=
At

Fig. 22%= 0 dB¥E 30 dB7HA] 10 dB 7HA22 ZAAZ &= U= A7) 18 742)7]0|ch
o]Z SMA Alo]EL AR dF=E AZ3Io] 120 dB 32 130 dB 74 4L wHs & QU1
10 dB ©J5t]9] 4=2]= Adalm-Pluto®] AlEH T 34 ARl g2 4= dB ©9I= AT
T UoB R QE= A4 S T 4 Utk Fig. 232 EH 02 Adalm-Pluto SDRZ}
AA3gH &olrt,

Fig. 22. Fixed attenuator.

Fig. 23. Connect to Adalm-Pluto SDR.
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3.5 Al Z1}

Fig. 24%= QubeAlS 59| Alg] M5 HojFal Qi Qteue] 739, A712] VHH tH2] A
5 ARESIoIT A Y o) VR A 132 dBE BAKSE | 91510] Fixed Attenuators
140 dBE 23T o213t A3LollA] Fig. 25 QubeAlS HEOIA Q] 4241 ATES HojZr)

A AEA GO0 R HolEE Eohs B4 BT 910, Channel 1& B9
of AP AL & 5 3ok '04690ea74000000242c32094181068d899c601854f3ec7’
£ QubeAlS 2E9] &9 Ho[EEA] 16315:9] P4]02 HAF|GIH o] HolHE s4sk=
L 7R WA HE & FAF o2 F8EE [TU-R M1371-5 & Hoﬂ 71354 AIS
glojg] F2log 234 FES I (parsingdtth. 1 T Zzke] oA FHES 1035 |
Shoto] Mt JHES & S Utk

ol2]at YA AL COSMOST= T2 13 oA FH](Ruby) 21oiE F&3HaL 10
w2 Avk= Fig 263 2t} dldols @A S (MMSDE Hlasl] BY A2 FYsta,
a5l e ARFER AES X617 mEol A3E(rate of trun)¥} AA|€E(speed of ground)

B (((T)))___(((T>)) ~

Data Transmit  Attenuator Antenna  Antenna

w

W W W W Wk

2
2
2
2
2
2
2

w

[
L
7 [
[
[
[
[
[

440642000, type

Static store:
=

Fig. 25. Output data in QubeAlS model.
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EE pNUSAT AIS - X
AIS Data
STATIC DATA DYNAMIC DATA
MMSI: Rate_Of _Tum: | o]
S0G: | 0.0
Position_fccuracy| HIGHT <=10M} |
LONGITUDE: | 129.31251|
LATTITUDE: | 35.18704]
COG: | 226,4|
True_HEADING: | 307 deg |
Time_Stamp: | 35
Spare: | 0]
Repeat_Indicator: | MOBILE TRANSMITTER |
Rairm_flag: | NOT USING RAlk |
Communication State
sync_state: | UTC DIRECT|
slot_time_out: | 6|
sub_message: | 1359|

Navicational _Status: | UNDER W&y USING ENGINE |

Screenshot

Fig. 26. Decoded output data in COSMOS. AlS, automatic identification system.

o] 0¥ Hoj&Ee) ket AX /xS BH 712 129.31251/35.187042 4 R820T2 SDRZE
Bk oA =513t YA19F FLTS & 4= AUk WERA QubeAlS BEC] AAEOZ AIS

FFI

=M= AnE o] F9 g E &-Este] 2439044E HHRJE/\Z]XH]Q 4
AES sttt Ao $&== A5E $3617] Y5 SDR 4171(R820T2) & At
23519901, SDR $417](Adalm-Pluto) REE A3 $% 3H4S A5 AttenuatorsS
ol-gsto] Y}t AR Y] BEEA EE 28T 4= AU, AAET QubeAlS HE]
A A og A glolE 7t Eesivks 2 ERISIGITh o]F 711 AR 91449 F
T 250 WE =EY AIZE @4 B9 Algoloh

m>~

"

ZAre| 2

B o3 Blstoi x| o] X QRPAERECF AHALA(n]FEFEA] ALY XA AR
A 24)0] Yoz S LT
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