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Abstract In this paper, the proposed tracking method for Code Shift Keying Spread Spectrum(CSK/SS) is used
for the internal synchronization system that uses the differential detector. In the proposed system, a pair of synchro-
nizing pseudo-noise (PN) sequences which consists of the Manchester-coded PN sequence and the Polar-coded PN
sequence is used. The tracking error (jitter) performance is evaluated in a single-user case by theoretical analysis.
Moreover, the jitter performance is compared with that of the external synchronization system. As the result, the
jitter of the internal synchronization system is superior about 31% to that of the external synchronization system
at Ey/No=10{dB].

Key words Code Shift Keying, Manchester-Code, Synchronization, Delay Lock Loop, Tracking Error



- A

EHTFICLVERESOFRELIEAL TEEETIE
$#4180 53X (Direct Sequence/Spread Spectrum; DS/SS) A3
i, WHENE, W TN BEELEORGEE DL, B
BEELER LAN 2 RSN, $TITERL TV,
O DS/SS FREMWRLA2HFRELT, a—FL 7 %A
> ¥ (Code Shift Keying/SS; CSK/SS) ARAEH s h T
5. CSK/SS A, #=EMII M BOEXHTRIZRD,
{Z%F — 5 DEIZ L7205 >T M Bodrs 1 20R5 %R
LTHATAEHFRXTHE. 20N, EXHSRIK MO
B> TE Y PERDVERUBRIZEEELRETEL D,
DS/SS AR LW b EATHA. LA LLEdS, CSK/SS AR
i, SRR A I 7EWAIENB LV LV HESS
Hb. 1 2OHERIOAEHVE DS/SS HXTit, do»
LOSEERRFAGD 2 TV A TRPERIERICIT)
ENTED, )7 CSK/SS HRTIE, BREMT M BOERXHF
SRHNOhDS 10 FIRL, ZORFIEHATEZREL T
BET A0, ZELERIPELRT L. 200l EHY 1
IVIOREPEEE L -oTLED

IRhETIZ, CSK/SS HROFMEIIMA 2 HiEIRET S
THYH, Tho0FESNEBERE AREMZIIS O,
NEEEE L, REBSIANF -2 BHRARY L RAMESR
FIZ# N ZhE ) BT TRERITI HRTH Y,

o EMARTE FARRIE BHIRE T D HE (1) 2] (3]

o ETOEHEARTNOHB~ » 7L FMARFAFIALT

AR, BEFE AT HiE 4]
LEPREENTVD, —F, NHBRAMEE, HRIESICEE
EREBOAATEET S HRTHS. FlLLT,

o EILRIEBREFIAT D HE (5

o TH¥T—NTROTNZ PVEBERESBEAMALT

7L — LA HIE6 (7]

REPRFENTVE, ZOLIRARORMEHIIZFINE
T v 7 ) — 7 (Delay Lock Loop; DLL) [8] #"E R 2% & %
{85 Tw2. L2 L DLL T, SERMCHET > 2RBREEA
FHA 5 200RL A UBELOREER L TRAT 5729,
2O0NFNEHBHNT LT - LONEERETILEN D), ¥
AT LOEMSDERIZE >TVD.

ZITEAFTIE, 7 LBORSRELLEE Lk CSK/SS
FRAOREEREE LTy F 2 A FELPN 253 % Awv
LHEZERL TV A, {E%0 DLL T, #ZEMCRLA
MHARNZAO TR0 LT, REAMEKHEIT Y F oA
¥ 51 PN £5 &K — 7 5L PN 52 THWTWS
INETIEESH, k%ﬂﬁLM&%ﬂ%ﬂﬁ&®1okﬁ
HL7Y A7 L TR BB L7572 [9][10] [11][12). AT
2, MERED 1 2 Th 2 EEMREEE L V72 HE (5] 1R

KEEEHiEEERAL, Py V- WRETOY v ¥ M
DWTHHRITETH. T, NERPECER sh 5
Jid 1

K1, ARTEAT RTERY.

£1 i@ 5
M |CSK HXTHW2BERXFSRIIK
m | ERFSATIN ) OE v M (=log, M [bit])
L |EXHFSRIORFIR
T. |EXFSRFIOLFy TR
T |EXHGESRINORY (=LT)
¥y Pa-hOEEEFTANVF -4
ME/XT— A7 P NVEE [dB]
B, | V=771 vy OFMHTHEE (=2 X 0.53pg)
po | NV=TFT4NIDH A TREE (=kE)
k V=TT 4§ OEMET T IEDO R

2. EIEARESSIC & AR

HNEEEIED 1 >TH B OHR[5] &, RFIOEE* Tk
LEFRTHS. 1 7b—20%220PN Ry 2 EfERT
BILIZLoTHKL, EIZ2008ET 5 PN AFIOFTEH
(anterior code) & f%¥-& (posterior code) = EH T2 &, “&

LEFEOFRI FENL LI IIREFRERTVS, 142:E
BRIOEEETTT.

-————mee—-f rAnterior seq. Posterior seq. Pamcularpanemw
os LTI

Um0 0 X ”
os:ﬂLTJHTﬂUlﬂL mL:TmeEUDIJJD% l.lI
o LM | LT Hl'.ll

00 0y | WD Il

0OS: Orthogonal Sequence

H1 ERRFIOMK

ZEMTIE, FEEFLINE 1 RIFEEL ZRYIORE
2T 2 ET, AMRIISS - 2 BESED (H2). ZOF
MRAZAEALCREESORMS 1 3> 7 #B %479,

(A) Onhogonal seq.
Frame

1IN
IRl

i Anterior code | Posterior code

(B) Reference signz:ﬂs

i Delay 1seq. H

0

(C) (jA))((B)

Particular synchronizing pattern

B2 EEANEH 5 RHORE



3. RERERE

3.1 RERMBHENRE

ek DLL % A7 [EEEIR, SERSILETINLE
AR ERUSRBRY 2 ZERTERL, BEZE0EBRY]
% +AT,.[chip| B 2 €7 Early 55, Late {85 %% LT,
SEESLEHEMETAZ LI > TRPBH AT T e,
AEREMEX, ABBARIE LT, K—FF5{L PN RHE
T F L AYHFHILPN RFEME LTHCWAZET, L0l
SAb L7 AEEH Y A7 22 ERLTwAH. [ 3 KRB
ECHEBT 5 EMA PN RF 2R,

s (1Y

Polar-coded PN sequence  Manchester-coded PN sequence

B3 FREMEHFETHRAY 2EMA PN AT

CORVINOHMEHMERL EH4DLHICh ), #ED
DLLO S #—7LREMOFKEHFL I EATES, DF D,
HEAMENE2 20T EDLLOS -7 LTHERAT A
EWTE, #EDL I IIKERT Early, Late EFEERT
BUBENLHL D, Lh-T, T—oE 0 12L%Y, FlE

ﬁ%ﬁfTit I T, ARHGBHRED F BRI
Sts 'C&)%
LI B
Tc 2
-Tc — 2 H
Tc Tc t
2

B4 F-5HSLPNRIETFx 25 HSE PN RFIO
HE AR

o ARBBHEE, K- IFSILPNRFIL v F2AY
HEILPNRIOLEL L EFZERICHCTOERTE S, &
DHFFFRIFIIEARBERATCORE»EFREREL Y, K7
FEIERKS TENARY PAVEENFE -7 L5 bH5
FLAYFHFIRIERKRSTO L ad7:0, GEBFEICL T
EH 5 ORARTE ZEMIERT S ,ERTIT LV,

3.2 VATLIER

R TIE, RERMPBEHELARRBED 1 > TH 2 BER
WREFBALA-FEB CEBLTYS, M5, 20 AT
L% R

EREHTIE, FHRT -5 & m = log, Mbit] 07— ¥ IIER
ENA. ERENLT-YOBIILH>T M BOERXFS
F5 0S;(t), (3=1,2, M) DFE»H 1 2% BRLTEET 2.
EABICEART T AREVFETLLDLET 4.

22T,

Transmitter

Seq. Selector

: O§ : Orthogonal Sequence

Receiver
-~ Demodulation system - L L S

Transmission Line

c_‘é\_'
=2

g
g "
B
o
[
w
S| [
o dt
t=T 0
Timing clock ]
vee LF X ’
Delay | |
(18eq)| |
Manchester-coded i
PN sequence : Sm(t) i
Timing clock i
er: SYNCHIONIZALION SYSIBM s srsssms s omsasspincocsrs!

5 REFRMMGEHEY v/ CSK/SS ¥ AF 4

SERANL, RN EFEB> BRI TEBY, SEESE
BHRBL AP ERETRAL S 1B, FHHAMIE, M BOHHE
BEALTVS. FEETE, ZEATHELZLOLEL M
BOBERFFRI OS:(t), i =1,2,--M) LEEEITH. Th
LORREHBEBICATIL, MO,  FHOEMBRLE NI

T
nz:/{O&U)+nQHO&th (1)
0

b, DI Ta(t) RERTYARELRL TV A, HREH
NHBORECZLDHEFRIWNEREHFERILEREL T, FR
F— ¥ AT D,

FHAERIZ, BIEMRIERS, v~ Fx A ¥ 51t PN RFIFE4ER,
V=77 4% (LF), BEHEZ 02 (VCO) THR ST
Wa, T, REESLENET I RGLTBESCIETL
PREL, FHPN RO/~ KT S, ZOBOH
71 R(t) &

R(t) = {0S;(t) + n(t)} x {O8;(t — T/2) + nit — T/2)}
0S;(1)0S;(t — T/2) + n(t)OS, (t — T/2)

+n(t — T/2)0S, (t) + n(t)n(t — T/2) @)

SRICER L 72F#H PN %51% <~ F = A ¥ 551t PN &%
EREL, FEBHETY. REERELFICANSH, Y
mENHMADEINS. EHFIL, LFEBEADIZIERAL-BRE 70y
IHVCC THER SN, ZEMORFIEEROI IV 7%
Ei¥ 5.



4. % BE R 1l

ZOETIE, REMBEHFEZAREHECERLZLED
DY UNA-FREIIBITA Yy ¥ (AMEEOTE) %
Y. [, RO 1A BIDLL & 2A B DLL Y v ¥ 5%
FRL, REHFEOMREL HEAITH. B, ThEITIES
HAMRET LRI CER L &Yy v E iy
19.

FEYBHENY v FRUTORTEZ 5N 5 (8]

1
Puyne

2__..
g; =

/ | (jeo/20) P Groroe ()i 3
T, Poyne = L (B2 M) RO 20 EA SR D
ESOFEHEN, |H(w/po)|? BV =77 1 V% DIRERE,
Gnozse(w‘) ‘i, Iy 74#&“%2@%&‘31"%%7—[31 ﬁﬁ’éﬁf.
BIERKEDSOHNESIE (2 XTHER LN ZOESE
Ty F 2 ARSI PN RS S (t) L REEITH.
R(1)Sm(t) = {0S;(1)0S;(t — T/2) + n(t)OS;(t — T/2)
+n(t — T/2)0S;(t) + n(t)n(t — T/2)} Sm(t)  (4)
ERTRUAERIILF ~AD SR, BMaHA7Y. 22T,
Uy st EROBEEEUE2, 3, 4ESLHELSY

5. FA4BEBTHPEVEEZLNIOTERTLHIILLET D
£, Groise(w) 1

T/2
Ghoise(w) = 1 / 0S;%(t)dt x 529
0

T
T/2
1 2, T No
+?/0 0s, (t 2)dtx :
_ EpNolog, M
- 2T (5)
IIT, HMMETEE B, ®
Bn:/ H|(jw/po)) dw (6)
ERTE, Vv 5o, BUTOLIIZERES.
2 _ 1 i . 2
o; = P IH(Jw/pOH Gnmse(w)dw
syne o
2 x
_ T EyNolog, M
"2<Eblog2M> /_WB”X T
B B.T
~ log, M{Fs/No)
B.T
9=\ logz M(Es/No) (7
613, Hff

LR B.(=2x0.53 x kL) ORMk 2%
fLagrBoyy sHHERLTWS. J2T, EXHTRE
¥ M=128, Ey/No=10[dB] L LTWw 5. ZOEREPSH, #H
kOEANS C CEBETHBIENH) 2 BI200T, Jv ¥
BRI ABEMERL TV I LG 0 5.

0.15 T

E,/N, = 10[dB]

M=128
0.1}

= 1A-DLL system
L

o,

]

§ Proposed system

0.05 2A-DLL system T

6 HEBTWBIRBORE L IS5 7 7 1E

RIS, Yy FBRIETOHOIRERPERHE, 1A B DLL,
2A BIDLL @ Ey/No W84 52y v % 7 L2RT. &
Z T, M HIEHIE B, OB k=001, BXFSRIIK
M=128 L LTwA. B 7 &0, REMBHED D v 7 f541L,
%D 1A B DLL Ot L 2A B DLL OfftEnFEIiE L
TWA.

0.1 T T

M=128

k =0.01
2A-DLL system
0.1 » i
= Proposed system
2
X=X
o 1A-DLL system
E
-
0.05
% 5 10 15

E,/N, [dB]

M7 Ey/NoixT5y vt

8T, SEEM LAY Y 745ME, NERME~NERL
rREEDY IR ETRL TS, 2T, SEEBETE,
EEEEIANVF -2 ERARVNOI AL T — By, LA
RAANDLZ AN F = Egyne WEDVETTHEAL TS, Ih



LDIANF I R(= Eujo)Evygne) € 7 MR EHRAL
GAEITR=33IZETELTVA(11][12). COEELY,
Ey/No=10[dB] D& &, AE#A L/ REREREFHT L5
OV v S, NERENER L EEDTY v s L
9 % 0.015[chip] (#1 31%) DEENFR SN/ Thu, SHED
FiED ¥ A7 L ERGER % T 5 B ESRA ORI Tl
HoTLAIL, FTALF-UAR> 1 THLOTHYA
FFNEN L TONDIANF P LRV EICRAL TV,

0.15 T T
M=128 -
k=0.01 -
: External sync. method
(Einto / Es ne=3.3)

0.1 // y i
o J
S Internal sync. method
oy L
E
=z |

0.05
% 5 10 15
Ey/No [dB]
8 Ey/No i idf+2Y 7 vtk
(MEESE, SEEECERLBE)
5 €t F U

ARTI3, CSK/SS AAMEMEHEL LT, RPARTIC
7o Fr ASHEFLPN R & K-S 155 PN RFl &z L
THET2HiELx, AHERED 1 > Th L BERESEE BV
AHFECHEAL 2. REMBHER, FEYARFOHEEEMS
HMHEHNDLLOS H— 7L ABEORIKTH L Z L2 FIB L T
WBHEIT) HETHY, ERODLL 2FATHHELND
AT LEMBILTAILNTES,

BREFETE, SO VVNA—FBETHY v S L FML
€% DLL 2FIH T 2 EHBHkE OB AT /72, R
LT, ¥V BRI SMESHEEL (T 21l oh THES
Nt 7, RRMGEMNED Y v MY, k0 1A B DLL
E2A BIDLL LR RO E o7z B, SEEE
AREEMEL BR L EZNT v ¥R LD AT - 74
R, SOEALZASERED 1 > Th 2 BERNEEE W/
FETOY v ¥ BMARL ) BIFRIESEER L.

LRI, Vo YEMAEELAY Y FED)EOME, HiIv
NFLI-HIRETHOY v 5%, ¢y FEVEREIIOVLTH
W% AT,

E: | &

AWEO BRI FFHER (ERWEC) OEBIZL D7D

nr.

X (13

1] KTINHE—. AT, “PN #5012 & 2 FAEIES % Av:7: M-ary /SS
FRO—REH". BFHHBEFREHFERE, SSTAS9-73,
(1989-11)

[2] H.Habuchi and S.Hosaka, “Bit Error Rate of Bi-orthogonal
Systems Considering Synchronization Performance”, IE-
ICE Trans. Fundamentals, Vol.E79-A| No.12, pp.1982-1987,
Dec. 1996

{3] K.Ohuchi, H.Habuchi and T.Takebayashi, “A theoretical
analysis of the synchronous SS-CSC/CDMA system”, IE-
ICE Trans. Fundamentals, VolE81-A, No.11, pp.2291-2297,
Nov. 1998

[4] KB fEATEE KIDNME— KT, “HE~ v 72 Hw
M-ary/SS FRORSEICET 2185, BT HRBEEEHER
fFF#ReE, SST93-87, (1989-11)

[5] Hiromasa Habuchi and Yasuo Usui, “A Novel Synchroniza-
tion Method for Bi-orthogonal Modulation Systems”, Proc.
PIMRC 2000 pp.610-614, September, 2000

{6] K.Ohuchi, H.Habuchi and T.Hasegawa, “A study on the
M-ary/SS communication systems using a frame synchro-
nization method of PCM communication systems”, IE-
ICE Trans. Fundamentals, Vol.E77-A, No.11, pp.1942-1945,
Nov. 1994

[7] K.Ohuchi, H.Habuchi and T.Hasegawa, “Theoretical analy-
sis of M-ary/SS communication systems using racing coun-
ters and a Hadamard matrix”, IEEE Jounal of Selected Ar-
eas in Communications, Vol.14, No.8, pp.1569-1575, Oct.
1996

[8] J.J.Spilker.Jr., “Delay-Lock Tracking of Binary Signals”,
IEEE Trans. Space Electronics and Telemetry, Vol.SET-9,
pp-1-8, March. 1963

9] PHKE, FEEHOA, “vrF A5 HSIL PN ZFIH* A
72 CSK D 7:6DFME", EFEREEERHLEKE, A-5-13,
(2003-3)

[10] BSOS H PHBEA, “v o F 2555 PN RVt 2 A
V3 CSK KT 5 —1RAt", B HBEREY BN ARE,
SST2002-209, (2003-3)

[11] Azumi Ito and Hiromasa Habuchi, “A Novel Synchro-
nization Method for CSK/SS”, Proc. WPMC’03, Vol.3/3,
pp.(V3-222)-(V3-226), Oct. 2003

[12] Azumi Ito and Hiromasa Habuchi, “Performance Analysis
of CSK/SS with Manchester-coded PN Sequence Pair”, IS-
PACS’03 (2003 £ 12 A & FE)



