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Bandpass Sampling and Recovery of Satellite—based AIS Signal

MA She-xiang, FANG Ting, GONG Ming—ju, GUO Xin

(School of Computer and Communication Engineering, Tianjin University of Technology, Tianjin 300384, China)

Abstract ; According to the high performance requirements of satellite receiver for analog devices, this pa-
per puts forward a new method of directly sampling the RF signal to convert the analog signal to digital sig-
nal and the subsequent processing in software module implementation. At the same time, in order to obtain
the status information of the ship at a lower sampling rate according to Nyquist band—pass sampling theory
and take full advantage of the characteristics of AIS( Automatic Identification System) whose two carrier
frequencies are close to each other and the bandwidth is narrow, a digital demodulation method of satellite—
based AIS signal and the information detection recovery technology is studied. Firstly, band—pass sampling
theory is introduced. Secondly,the determination of the sampling frequency of multi—user AIS signal , two—
channel signal separation method and how single—channel signal is down—converted to a base band signal
are discussed in detail. The base band signal is detected by the simplified Viterbi—based non—coherent de-
tection method. Finally, the digital signal is recovered according to AIS protocol specifications, and the
experiment of using oscilloscope to collect AIS signal transmitted by the practical berth verifies the correct-
ness of the process.

Key words:AIS; band-pass sampling; digital demodulation; non—coherent detection; information recovery

AIS ) J2 T W AR LA K ik ks 22 i) — Fof i 24 R 455, 7 ¥
1 531 & EEARTRURN 22 A W R A S T R R T
H sl R 5 ( Automatic Identification System, fEH . (HJRE AN AIS REAFAE— R R, JLAER

*  UWIFR HHEE:2013-05-31;1&E H#1:2013-07-29 Received date:2013-05-31 ;Revised date:2013-07-29
ELTH: DR aAKHFALTT A (61371108)
Foundation Item:The National Natural Science Foundation of China( No.61371108)
w% JBWAEE : fangting2013@ 163. com Corresponding author : fangting2013@ 163. com

. 1312 -



EORKE

hREAE 7 e B RS A R ALS R SRR A SR AL

5510

FHER B 5/, —BEFE 20 ~30 n mile Z ], TR £
TraERIL R R S, s AT H 28 BT S
ST B8 SR 4 BRI B0 FE YN 2 A ) W R R
BIRHEE, IR AIS RS MIFFAG 2 0,
I TR BT DL 4 BRI (AR 5,
S PRLATE E B AR AAALA T 0 2 A W s R AR 55

LG AIS Z S8 X WA B33 15 8 WA H2 I
B, BRSO L — M 2 R U B 115 5 etk AT
BGORR | F AR K #k W A/D e de AT ) 22
fRASAL B TR T TR AIS RGEUAL, X R 2%
PERRRE PE RSB B AR M RB SR & XA B4R
WUk, ASSCHR R R B B S kAT
KRR DA S U A5 S, R ST A
B AR ORI S, AT R0k G T RE 415 e 4 R X
Rl B 0E AU iR NN W SR R 5 N (S P S
A FEAGHE R BIS  ZEK ADC AR R Z R T
PEORFE(E S e m MR 2 A5 DL L T ALS {55 13
AE162 MHzZ2 47 , L GHAAS 5 HEA T3 e, A
FPRATC I R EOR . T AIS (B 5 R v A
25 kHz, J&—7E {55, [FI P45 AU AR 2550 kHz,
PRSI0 TE A TR 2 — DA R 5. RAE
Nyquist 7 AR E B, XF TH7 il 55, Hoamae s R J1
A E B R TR T I W 2 A% AR A R A
AT DUTERA b S s 38 4755 A R, BRIV JCRAE
HR, MR ES 5T BFE SR,
B IILE S5 FE53 8, 43 5 R R R

2 HERERE

{53 23k BRI SUHHE R SRR 5 T
SRS | o T IR TR 3 1 R 5 5
SIS, SRS -6 4 th T 40l RRE ) —
g, BISR R A0 4%

2f.+B <f SZﬁ -B ]
m+1 : m

B RS, A SRR, WS
IR N [/ B HISEROR Y sk Iy [/ B BN
HBOE O<h<l of, =f, + (fu=fi ) /2 FEABITH, W1+
TR LR, (D) MEERCY

sm<n-1 (1)

2 2
nfiiﬂs%%lsmsn—l (2)
5 = -1 AT R A
Fun=2B(1 ) (3)

5 ARKH AT T 2B W S5 4 SRS

I3 DLSCRRL 7 ]

e IR SRAEAACRAL, WIS 5 3t 114 J] 30 4
WL RS S B, 2 A
ALY BSTTOR o MAE— Rl vh 3 R K R DA 5
PR S, R RAE 5 {5 52 2 HAR A7 38 218 0
fr RIVRT AP A m ARGRANIR] B0 300, AR A 7 2B 1

B B .

HO)= 1 ,—7+mfs +mod (f, .f,) < ‘f‘ $7+mfA +mod (£, ,f.) ’

0, HAth

meN (4 )
£
—£+ny" +mod(=f. f) < |f] <£+ny" +mod (£, ,f.)

Hp={ T2 A==y

0, Hth

meN (5)

3 ERAISGESHEXREFEEESHE

AIS ARG TAEAE G L L& 40 (VHF ) Bt , B P4
418 CH87B ( AISI 161.975 MHz) il CH88B ( AIS2
162.025 MHz) >k B 20 Z k48R . 1 min &) 43
H2 5500 B A B B OR 292426, 67 ms, W il 5
A E /MR 495 ( Gaussian Minimum Shift Ke-
ying, GMSK) , i JC3# % R, 49. 6 kb/s, IR & K
FERABIE |- 288 & IR 5 5, & 3% o 48k an 1]
1 Jirm.

-

um Analyzer - Swept SA
T | R 1o sl | | sowen | AMGIOR [0s3limMOci4 2
nter Freq 161.975000 MHz Avg Type: Log-Pwr TRACE[T - 345 6 Frequency
PO Wide - Trig: Free Run ‘AvglHold>100/100 Tvee|
IFGaindow ~ Atten: :30 dB cerlP NN
Mkr1 161.974 0 MHz Auto Tune
{9 gaw Ref 20.00 dBm 14.378 dBm
1
2 Center Freq|
1 i
J \ / \ StartFreq
" 161.726000 MHz]
L
Stop Freq|
162.226000 MHz]
L ora]
50,000 kHz]
VAL e ©
V.' |4
MM M \,\" l Iy Freq Offset|
h\“ Mvv’lhvﬂ T VLW""ﬂ JW\M( 0Hg
L L AN
Center 161.9750 MHz Span 500.0 kHz
Res BW 4.7 kHz VBW 47 kHz Sweep 20.9 ms (1001 pts)
Jusc \d)File <tianaoA(2.1).png> saved sTatus|

F1 MG ALS (550 RE
Fig. 1 Spectrum of the AIS signal transmitted by the berth

3.1 E#HAIS ESMTHERHE
AIS {5 5 97 56 B=25 kHz, Jfii& CH87B f{
DR £, = 161.975 MHz, AH 7 A 5 I AT 25 10 45t
BRI £, RN foy s E CHSSB By H LR A £, =
162.025 MHz , AH 3 1) f5e R A5 58 1 e v 400538 4 i1 Ry
- 1313 -



www. teleonline. cn

HLIREAR

2013 4F

fi, MU fi,, W, = 161.9625 MHz, f, =
161.987 5 MHz, f,, = 162.0125 MHz, f,,
162.037 5 MHz, X P-4 B 11 8] B 250 kHz,

XS AIS B &, 3 5 BT A~ 2L
S AR B 115 5. (IR T B # Lok
Wi, F T TR B s S A5 5 7 A 238 A
HAFREALE Ry +4 kHz , B2 WU 517 T8 N A 5 A &6
gy AT A RO B N4z, Rk, B Il
B R—A B A0 B A R A B R A, 1
KA 5 B o B R = 162 MHz, I H: 5% A% 4 %
f.= 161.958 5 MHz, # @ B X f, =
162.041 5 MHz, 7 %5 B’ =83 kHz,
3.2 BREEHFESHNE

X TR AR S5 I ECTAR 5, B 5 3 20 A IR
GRS I IR B G S . Bk (6) AN
(7)) P 38 8 A AT 0 AR A5 T A A8 B e B O
R R

H()= {;’,/—E\l:;2+ﬁlmm+ LS |fI<B24f,
(6)
1, () = {1 ,=B/2+f A < |fI <B/2+f,,.+f,
0, HAts
(7)
Hrr,

Somin =min{ mod (£, .f,) ,mod (£, .f) | (8)

Seomin =min{mod(f,,,f,) ,mod( ~faof) } (9)
G35 R WA ATUB AT 5 1 RO AR BT RT LA
EEPARIGIAF S,

4 ERERBMEESH

SR R AR RO RIS AIS fif
55, HoR AR S AL PRALAR N A 2 iz, 5 2440
WA B2 S T B RS

Haean
GPS
VHF

A

© O ¢

USBEUEHH

ThEFEW 8

K2 AIS 55 R A SAL B R B IR
Fig.2 Connection diagram of the AIS signal’s

acquisition and processing

- 1314 -

KT FEAT IR R R S AT S
HET XA [R] SR AR SRR T S5, e AL DR ER AR £,
=10 MHzIF L5 R i B, & 2 A i 0 SR FE 4%
F, b B 5 422 T T 2 000G T S H 0 AR 4 ) R
1.975 MHzH12. 025 MHz, % T2 & B IR
HE—ME5, HXEIGHER R, =9. 6 kHz, RFER
AN S AR ) ] SR AR (A A e, il R JR
H S B AN E 3 B

File

F3 RIS AIS (S5-mHRE F

Fig. 3 Time—domain waveform on the oscilloscope of the AIS signal

P 4 b i i s P d i AR S A KK
HR] DU HZ AR 5 50RO AR AR 2 2. 025 MHz, 56 iE
T RIS E

7000
PFAT S . ——
s e S
T SRS M S o
T RS R S
S S S S -
1000 === b Jremeeeees oo oo

0

0 I 2 3
BER/MHz
K4 IJRUERESIR ALS 5 5 RS A
Fig. 4 Spectrum of AIS signal collected by the oscilloscope

BT LR e ER AR MRS L B, 155
FLE AIS A5 W HEATARAR A I, SR I —FioE Y
Ak Y 2 T Viterbi 535 B9 AF A0+ )5 41 A 0 5
ELTIOT XAGINAS B () LLRR AT NRZI A A, $2 5
TH BB IR S M EE SR &, SR BCH s 7 v )
A8 FEARF , 0 S B A LR 3L A7 25 B (5 S SE
FCS LGS . ARG ALS W B UMY, B BRI N A



%53 % e, I,

B AE L RLEATS (RS A

KHESIAE 5510 3]

JERIRAE 8 b HEATALG B, i HLREAS T A A
AR BTG, T LR E AR BB %45 8 b %,
A BEIEHIRE 55,

MR AIS T8 g5 A, X} AIS fiff J5 1945 5 ik
FARE X BEAR 3 ATS A5 5 B0 3 40 19 HE 4
. 00001100 01100010 01111001 10101000
11111011 11100000 00111111 11110011 00111100
10001101 01100000 00110100 00010010 00010100
00001110 00010000 11111111 11111000 00000110
00101110 10110001 ,

Xt b FCRRR EEAT 20 A TR, BRI L 3 (AL
M)  HEEENEWT

THE ID 3 (MO ) s 5 R AR RAT  BRIA 0 1K
FH P ID(MMSI 45 ) :413035070 ; fLATARZS : K@
SCAdEFH ;% ) %8 ROTAIS : 0°; X #ififi 3 SOG: 1023
(ANTTH) 5 M7 TR BE . IR (<10 m) 5 283 BRONEL
6791ACOh(ANTT ) 5 45 B . BRIAHE 3412140h (AT
F) s X HBAL TR COG :360° ; ELAR ] BRIAE 511 (AAT
FH) 5 #ts 7= A i st ) BIE 8. 60 (R TT D) 5 4 452
YEFE/RAT BRUE O CRIE ) 5 45 1.0 RAIM A3k
BRINE OCREA) ;A5 IRAS  4bF ITDMA 38 {5 4R
A, HRILEHERL

R A T 5L AR A B 58 X A 400 RE 17 1k e 2 o 1 Pk
A, i&etﬂﬁﬁéxﬂiqwmﬁﬁﬂﬁﬁ%ﬁ TR, eI
WA ST, Z56 B AIS I KRIEFE5 3
WA, [R50 SR8 IR A, B L T A 280
B A — AW ES, iﬁﬁ%L%#ﬁ}%ﬁ%%
FEATAR A HOO P A 2 1945 5 3 1 TR &
HIZBEISH & ﬁéﬁfﬁ,l_ﬂ‘%ﬁﬂ?ﬂu & H I?’iﬁfﬁ‘
S BRI AR T R BB S T
PRI 8 IR A, AT R SR A AT AR — 2 | P 2 AR
BT R IE (R 5 IR JT R 7 i 8 A8
W R AR AIEET Viterbi AYARAH TR 7 g 24T
RS S PRI UG TS B . 43R
FHRABER £.°M10 MHz 20 MHz 40 MHz Xt 52 PRz i
BN AIS 55 #0172k S i, HA5 R RWNZ 7 4y
TRA R YRR IERA R I R KGR 175 X S8 ALS R 40
2B EA — M S % 5T E L H
PO T 2 AP I B0 T A5 S AR 45 R i A 1 L
KAt A 1 it — 20 5T

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

S

R, T, skt k., PURAR BT R BT

W[ T]. CLHEEHEAR, 2012,38(4) ; 77-80.
QI Qing-mao, WANG Yan—jian, ZHANG Hua—chong. De-
sign and Implementation of All Digital Receiver Based on
Intermediate Frequency Sampling [ J]. Radio Communica-
tions Technology, 2012, 38(4): 77-80. (in Chinese)
TRATH SR P A7 sk, AR JEZk il BORTE Al A=
RRR ST [)]. P BT TR, 2012, 20(18)
134-136.
XU Hang—tian,ZHANG Guo-qing, YANG Zhan-lu. Soft-
ware Defined Radio Technology Applied in Ship Commu-
nication[ J]. Electronic Design Engineering, 2012, 20
(18): 134-136. (in Chinese)
Gupta S, Gangopadhyay D, Lakdawala H, et al. A QPLL
—timed direct—RF sampling band —pass SigmaDelta ADC
with a 1.2 GHz tuning range in 0. 13 mumCMOS[ C]//
Proceedings of 2011 IEEE Radio Frequency Integrated
Circuits Symposium. Baltimore ,MD;IEEE, 2011 .1-4.
WER Y. B4 AIS I R G Bt KOoC R AR
[J]. AiREAR, 2011,51(5): 1-5
PAN Bao—feng, LIANG Xian—-ming. Satellite—based AIS
Receiver System Design and Related Key Techniques[ J].
Telecommunication Engineering, 2011,51 (5): 1-5.
(in Chinese)
Guenter W H, Jeremie G. Status of Galileo Frequency and
Signal Design [ C]//Proceedings of 2002 IONGPS. Por-
land ;. IEEE 2002 ;266-277.
Betz J W. The Offset Carrier Modulation for GPS Moderni-
zation[ C]//Proceedings of 1999 ION NTM. San Diego:
CA:IEEE,1999:639-648.
XA BXSREN. B To Lk i P B SR A T[T ]
Jogk i TAE, 2007,37(1) ; 26-29.
LIU Li — hua, ZHAO Zong —yin. Analysis of Bandpass
Sampling in Software Defined Radio [ J]. Radio Engi-
neering, 2007, 37(1): 26-29. (iin Chinese)
Zhou M ,Veen A J,Leuken R. Muiti—user leo—satelite re-
ceiver for robust space detection of AIS messages[ C]//
Proceedings of 2012 IEEE International Conference on A-
coustics, Speech and Signal Processing. Kyoto: IEEE,
2012:2529-2532.
Burzigotti P, Ginesi A, Colavolpe G. Advanced receiver
design for satellite—based automatic identification system
signaldetection[ J ]. International Journal of Satellite Com-
munication and Networking, 2012,30.52-63.

Colavolpe G, Raheli R. Noncoherent sequence detection

of continuous phase modulation[ J]. IEEE Transactions

on Communications, 1999, 47(9) . 1303-1307.
AR, MR, BEFE. AIS 15 5 08 K HAF Bk E

- 1315 -



www. teleonline. cn

HLTRE A

2013 4F

[J]. ML T2, 2010, 27(10) ; 123-126.

HUANG Biao,SHANG Jun—na, LU Hui. Demodulation
and information recovery of AIS signal[J]. Journal of
Mechanical & Electrical Engineering, 2010, 27 (10) .
123-126. (in Chinese)

EERIAT:

SAt#(1962-) , 5, Tl R EH A, 2002
AT 4 A R AR T o, Ik R
ESE N L S U e S 1T S AR B W)
i {5 {5 Ah B

MA She—xiang was born in Qingyang, Gan-
su Province, in 1962. He received the Ph. D.
degree from Xi'an Jiaotong University in 2002.

He is now an associate professor and also the instructor of gradu-
ate students. His research direction is communication signal pro-
cessing

Email ; masx_tjut@ 126. com

7 B (1989-) Lo LRI PN, 2011 A T2 R
577 B L i e o VAR /K e ) O S 0 1B S Y B
= SEIEIT LR (S 1R

- 1316 -

FANG Ting was born in Anging, Anhui Province, in 1989.
She received the B. S. degree from Anqing Teachers College in
2011. She is now a graduate student. Her research concerns AIS
marine communications , communication signal processing.

Email; fangting2013@ 163. com

B4R (1978-) T3, L7585 A, 2008 45 Tt B 2245
ARWFFEBEAR I L2, B YR, BT 07 0 815 5 S fs
AL

GONG Ming—ju was born in Qingdao, Shandong Province,in
1978. He received the Ph. D. degree from Chinese Scientific and
Technological Research Institute in 2008. He is now a lecturer.
His research direction is signal and information processing.

Email ; gmj790@ sohu. com

B F(1989-) , %, RHN 2012 4 T KT R4k
g A, BB T EEWRSE DT 0 ALS i
WA BT,

GUO Xin was born in Tianjin, in 1989. She received the
B. S. degree from Tianjin University of Technology in 2012. She
is now a graduate student. Her research concerns AIS marine
communications , communication signal processing.

Email ; angelbryant0824@ 163. com





