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Technical Survey and Analysis of DSSS
You-Chol Lim*, Keun-Soo Ma**, Myung-Hwan Kim***, Jae-Deuk Lee****

Abstract

This paper is technical review about Direct Sequence Spread Spectrum(DSSS) to apply in
launch vehicle system. First, we introduce communication protocol(carrier frequency, code length,
process gain, data rate, chip rate etc) about several application system using DSSS. And then, we
survey and summarize the effect of doppler shift to the DSSS. The doppler shift is important
error factor for PN code tracking in the fast moving system like launch vehicle. So, spread
spectrum code acquisition technique for a direct sequence system in the presence of doppler
effect must be investigated.
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g3t vy zx7] A wale So 93 PAE  (Industrial Scientific and Medical)¥l =] 1o A
WElg) 2 (Multipath) F3] 2 WPHA HE  A8sE moelsED BH LANe|H, 53 B
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4 EoBADoppler ShifySel s WHE  FHE olFn dth Fu w9 ALES
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% —E‘H% %1%63[1_3 9] ﬁxo]-/‘\j j&ﬁ Oﬂ)ﬂ Minimum bandwidth 500 kHz
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of| A ’éﬁﬂ;_ DSSSHjé} E}TS(thht Termma[tlor]l i w fuoend 1718 Ghe 1.9;2;14?2
Code length 1023 1023 32768 (Down link)
System) &4l TFAE T 2T Chip rate | 1023 Mcps | 308 Mops | 12288 Mops | 3.84 Mops
o Data rate | 50 bps St | 96 Kops | 144-384 Kbps
1. ZD2S1-30IM MAE DSSSHHA! EAITZ Process 45 dB 198 d8 21 dB | 142-10 dB
RF Band | Code | Chip | Data | Process oe R ;
Freq | Width | Length | Rate | Rate R Bandwidth | 2046 MHz | 6 MHz 26 MHz 5 MHz
sand | w2 | 250 | waps | s | 200 | e
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2 (Bandwidth)2 2~6MHzZ AAg 7S
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ATV Communications Scenario

12l 1. TDRSS SAlzH=

TDRSS Compatible
S-Band Tran5p0nder o Data relay links via TDRSS satellites

Applications

(Compliant with 4" generation
specification).

¢ High performance TT&C and
navigation subsystems.

+ Confinuously operational TT&C
links.

Receiver

Transmitter
e: 22

ange: 2000-2120 MHz.

ncy Range: + 1500 Hz at threshold.

dBHz (T90): <5's.
ot 37 dBHz (T90): <1 5.

MA/SSA TDRSS return |

Ranging General

ragister

300 % 198 x 110 mm? (LeWsH)

- RaTW
- Tx: 7W (26 dBm Rpr )
25 W (37 dBm RF pow

12l 2. TDRSS AEHE 174

# 3M dFE SEALHET AL
g @43 #AE B9 HlE TDRSS
(Tracking and Data Rely Satellite System)o]tt}.
¥ 18 TDRSSY FAAEE ®Be Foh
TDRSS= A+ AHAE(LEO; Low Earth Orbit)
AdH FFLEAA, FAFFAARISS), = F
TRUBHST), 223 w=ef =] 9457
A%l 9178 ATF=zte) S HolHE AT
HHoz v FEFFI(NASA)NA EFdh=
St H749 AAHAE FAI94%1 TDRS
(Tracking & Data Relay Satellites) 9145 e}
WYt TDRSS= W& Falol 7hestH F3t
F W2 sWl=st Kutl=Eg AR8-3H. TDRSS
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WS 3 AES sk a9 29 2
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SARZ 5

RF Band Code Chip Data Process
Freq Width | Length Rate Rate Gain
UHF | 12 | o 800keps | 519 | 1g~20
band MHz 1Maps kbps B
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Code Chip Data Process
Length Rate Rate Gain

19.5 kbps| 24 dB

= T
soF (C/ No : input power to single-sided
noise spectral density ratio)¢} T=EF7E A=
371 98l ==& vludE AIIHTE : Dwell
Time)oll tiajA] 27t C/No= 51dB, 46dBZ
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(a) Code Doppler > 0
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| Mo = 51dB-Hz
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B Solid line: Code Doppler=600
Dashed ling: Code Doppler=180
Dotted line: Code Doppler=63

Mean Acquisition Time(sec)
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Threshold(Volt)



er Code Doppler <0
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CiNo = 51dB-Hz |
Ti = 0.182ms I
B galid line: Code Doppler=500 : |
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= " Dotted ling: Code Doppler=60
E
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(a) Code Doppler > 0

C/MNo = 51dB-Hz

sk Ti=0546ms i

Solid line: Code Doppler=600 find
Dashed line: Code Doppler=180 | B
o  Dotted line: Code Doppler=60 |

Mean Acquisitlon Time(sec)
@

Thresholdvolt)

(b) Code Doppler < 0

» -
C/Na = 51dB-Hz i [
251 Ti=0546ms gl i
Solid line: Code Doppler=600 i | #
g Dashed line: Code Doppler=180 &
&y Dotted line: Code Doppler=60 i !
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Threshold(Volt)

2! 4. CNo = 51dBHz, Ti=0.546msec &<
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(a) Code Doppler > 0

H——— F
C/No = 46dB-Hz [
2r  Ti=0182ms |['
Solid line: Code Doppler=630 i

Dashed ling: Code Doppler=180 i
anl Dotted line: Code Doppler=60 ’

Mean Acquisition Time(sec)

Threshold{velt)

(b) Code Doppler < 0

C/Mo = 46dB-Hz

Ti=0182ms

Solid line: Code Doppler=600 1
Dashed line: Code Doppler=180 ‘
Dotted line: Code Doppler=60

Mean Acquisition Time(sec)
= B

Threshold(Vaolt)
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(2) Code Doppler > ©

C/No = 46dB-Hz
Tl = 0.546ms

Mean Acquisition Time(sec)

: Code Doppler=600
ine: Code Doppler=180
Code Doppler=60

L] £

Threshald(volt)

(b) Code Doppler < ©

C/MNo = 46dB-Hz
Ti =0.546ms
Solid line: Code Doppler=

Mean Acquisition Time(sec)

Cashed line: Code Doppler=180
Dotted line: Code Doppler=60

B00

|

v

Threshald{volt)

T2l 6. C/No = 460B-Hz, Ti=0.546msec! %
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6. TE20igno| JEEME 9

= M=
= oo

§t oilt Zntect

C/No = 51dB-Hz C/No = 46dB-Hz
Mean Acquisiion Time | oms | 0-546ms | 0.182ms | 0.546ms
STy | 29v | osev | saev
600 | 1005, | 1270 1545 7.567 4788
180 30 1.089 1.208 7.464 492
60 10 1112 1.281 7.845 5608
-60 -10 1116 1.384 8.156 7.059
-180 -30 1.149 1.563 8.729 10.366
-600 -100 1.584 3728 14.241 5474

SA44L g2 2o
Zol& 256, JHYUolEE
€2 19.5kbps, Fitols

T oA gz FaEdelM 2/E DSSS
2 . YE L 26MHz, ZE
1.2288Mcps, HIo|EH A%
& 18dBE AAFPo

o, C/No¢t Dwell Time2 ZtZ} 50dBS}
2.0833msecE 7} 34tk

7. TEeigue| SYRMS ffet DSSSHA of2

C/No Band Code Chip Data |Process | Dwell
Width | Length Rate Rate Gain Time

. 2.0833
50dB |26MHz | 256 Mcps Kbps 18dB mMSec

Band Pass Filter)?] SFZdjgdy F7]85A7H
Atolel BAE Felst=d FHAS T Stk
A71A ks g TAdHE g5 199 F7
35 74 =9]A BPFE 9v] gt

rt) (SO Bpr Squared-Law & | Integrate & | | Threshold | ~
& Envelop Detector Dump Comparator =
l{ PN Code Code Phase Update
Generator

s 2= 379 DSSSTHA wiste A4
TEY @il gl A5 varlEdstd nE &
7189588 Hd F718S5AE YT 74
Zve] ajzeA] Optimum, Normal, Worst” -5
2 FES AL 5785 s AdudA
(Correlation)E #3t= FANAM Yehgd 5 =
BAEZ A A B 7 g A Rkl dF
stA =o lom B He} FE3I EA
At AdeA HFo] Har|EHSGe] e
05~08VAlelol A =& Mo} §le A5 57
JEEE 10 HH, 1 W FA4F7IE5 Azt
£ 055% oJYds & & Atk

a9 89 =&t gle A9 U85
AE 71Ee 2 EEHXoI7} EAste BY &
718 5Azke] oG A HMAEHEA AHEAE O
B 2oh AA =ZYFHol7t +60chips/sec TA

Ale] 247174 A (Autocorrelation) Fh< EH 1

—



o Aot =EYHolrt gl FFES 7
2} FH9-2 o]FEHY glon Hug=
2 Z9E809 S ¥ F Utk oye
Aol =7 BPFY tdZo] e F

7+e] W=

Average Effective Detection Probability

Mean Acquisition Timefsec)

Autacorrelation alue

nosy 1:The optimum case \
2: The normal case p \
3 : The warst case

B c/No = 50dB-Hz

Carrier Power = 1W

BPF bandwidth = 38:4kHz
U4 pwell time = 2.0833ms
Chip rate 1.2288Mchips/sec

THETY K] ux 0 ] [E3

=

Threshold(Volt)

_quisition time

1: The optimum case
2: The normal case /
3: The worst case i |

arsr | C/No = 50dB-Hz ! i
| BPF banchwidth = 384kHz |/

| Dwell time = 2.0833ms £

LTS EChip rate’ 1.2288Mchips/sec_

\Data rate = 19.2Kbps

anf
H

Threshold(Valt)

g
HRET|8S A2t

= Auto

Chip rate 12288Mchipssses /",
Dviell time = 20833ms . . /=)

1

5
e
4

1: Code Doppler = -80 chips/sec \
2: Code Doppler = 0 chips/sec
3: Code Doppler = +60 chips/sec N

i 05 o s

Relative Code Phase at the End of Dwell Time(chip)

T2 9. =Z2{Folol| 2t X [AREERA|
(Autocorrelation) &5}

. SBR{B0) g ¥ SUIES HE o

e ST R & =
T ]

\ . 1:Code Doppler = -60 chips/sec |
| | 2:Code Doppler = 0 chips/sec \
! 3: Code Doppler = +60 chips/sec

g |
)
T \ ]
= | %
= \ 4 3 / C/Mo = 50dB-Hz
S 1 [ |l BPF bandwidth = 192kHz -]
A e A I | Dwell time = 2.0833ms
g \ ‘ Chip rate 1.2288Mchips/sec /
7
= N Data rate = 19.2Kbps &
£ i i .-
= h L)l 1 =
I

1: Code Doppler = -60 chips/sec
| 2: Code Doppler = 0 chips/sec :
{1 3:Code Doppler = +60 chips/sec Cf

VL /Mo = 50dB-Hz )
\% BPF bandwidth = 230.4kHz

4 Dwell time = 2.0833me

. Chip rate 1.2288Mchips/sec

- Data rate = 15.2Kbps

Mean Acquisition Time(sec)

23 TR T K29 1 | A2

Threshold(volt)

band

: Code Doppler = -60 chips/sec
: Code Doppler = 0 chips/eec
Code Doppler = +60 chips/sec

G pa

-3

C/No = 50dB-Hz

BPF bandwidth = 268.8kHz
Dwell time = 2.0833ms

\. Chip rate 1.2288Mchips/sec
% - Datarate = 19.2Kbps i

Mean Acquisition Time(sec

Thresholdvolt)

T2l 10. BPFO| CHIZof| ME S7[2ISAIZIe| Bist

a" 109 A% F HHY HwEFRS A3
slo] B2 Qs ¥ 87 Zow F 844
HZo] Y3 DSSSEAlGFHANAN Z=FE )7t
EAQT B2 %o 2AN F7185

o
AlZto]l EolEE RS ¢ F Utk EE =29
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o7k gle Afde dgZd e 37195
AlZHE W3 7F QS B RolEr mebA
FEH6]Y AlEHA e =EHH &
Ase A% B4Ee 2FoEA F/95A
Te ARG 5 Yee ¢ gov o] =@ A
Al AFA wrgsfop & Ao ddEn. FUtE
A TG} (6] Ade= AFCE 1A &
T =5 5719532 Adto|n] AFCE &4
s Hg e AoE BY Aoz d4E
=8 TEZeianio] FHEMS 93t ol ZRiet
Mean Acquisition Bandpass Filter Bandwidth (kHz)
Time (sec) 38.4 1920 | 2304 | 268.8
Threshold(V) 0.634 2.280 2.680 3.080
Code Doppler= 0 0.533 0.536 0.539 0.543
Code Doppler= -60 - 7.276 0.451 0.456
Code Doppler= +60 - 7.159 0.715 0.718

nlxgto g FnEA[7]9 LH & TDRSS9] &
3 13 28 [5]9] a5

5 A7ty W3}
7=
Ku-Band& T&5H

T Z ol rﬂra} A48}
TDRSSS] E47Ze  S-Band9}
Zrzbe g3 2

E 9. TDRSSSAITTA(S-and)

RF Band Code Chip Data | Process CliNo
Freq. Width | Length Rate Rate Gain

2000~ 11.232 48~51
2300MHz | 20MHZ | 2047 | ese | 32 Kbps | 25.50B | gl

I 10. TDRSSSAT2(Ku-band)

RF Band Code Chip Data | Process C/No
Freq. | Width | Length | Rate Rate Gain

13.775 3.028 60~63
Gl | eMHz | 1023 | oo | 216kbps | 11508 | GaoS

°]% S-bandel Wi ZAdes 1™ 1174 2o
29 118 BY FAEApe) AReNE & F
AAEel C/Nodl ol ARs=E =
Qo7 ZolEFE FU|YEAS 74
HE AL HoET. FuT EIPAFL F
NYEA L] P HlAEAE For) Aed 0

gt TEe ol o #e AeUt AdHe=R
e AFEY 57195 Azto] 295 F = 3
t}. C/No7} 54dBolAte] 7% 718547k
Low data rated] 7% 57\0]14]01] =7]8 50| o]
Fo]A ¥ High data rate®] 3¢ 2% oJuld] &
71850 o|FoAe A& HoAFrh webA o
At AR A AR 9 A AAle o

Fo el oistel B2 AlE H 242 B FH

N r°"

ZAoZ AAFoor & Aoz HokEy,

Low data rate
-200 Chips/s

\ +600 Chips/s

Mean Acquisition Time(sec)

+200 Chips/s

ol L L L = ik L
w ” = el o = el w u v ] £

C/NodB-Hz

High data rate
+200 Chips/s

600 Chips/t

Mean Acquisition Time(sec)

@ " E ] le\‘ . ;E-H;J “ £ E ) s »
T2l 11. TDRSSAIAEIA S-band2| Z C/Nod|
M2 S7[ESARZE 2
4. 2 B

B A AR o gahga(Dsss)dl iE 7]
EAE AREAM FAAA ARG o]
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