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ABSTRACT

This paper examines the frame boundary detection performance for a satellite navigation augmentation signal orthogonally
modulated with Hadamard code to determine the number of message preamble bits. Simulation results show that, even in
weak signal environments, designing the message preamble with 32 bits is recommended for achieving stable frame boundary
detection.
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. INTRODUCTION QZSS LEX7} CSK H R0 A AF&sH= 7|8 8kt 3= o] Zo]7}
H—\:H?G oz 7101 A]E‘__,] HzZ /\] 71 ;él g-‘ﬂo 1,—_;54' oLq_/‘L_]-o] el
22 GHEA AL 71E 29T 915k Y dlold A% L 2AE ASHAE FUR AR B2 A5 Holk 57
olelol Bt FUTH 917 32 AFsN7] 1% Pt eole] A% o] ghck (Shin et al. 2020),
o1 PH5SHE 1243k 915 (Choy et o, 2015, 2015 ShH, $4171 SR 4150 Hlole] B25 517] A vl
Y Yx8l = ALT=54$] (Precise Point Positioning) & Az A9 71& EtoY& WA g S3fof gt (Kaplan &
Jlﬂ%% AHgste] 3 4HU1 AT 715 AFske thaxzd o Hegarty 2017). o] & 915} g4 9/d-2 A A] L] ¢F ol =
2= 2HAYJAAIAE (Quasi-Zenith Satellite System, QZSS) AL H|EE o] M43t LEX+= RS BE531E 2,000 B EQ]
9] L-band EXperimental (LEX)9} Galileo2] High Accuracy L6E HA|A] ZH| Q) oF 3j|5]o]| 32 H|EE, HASE Convolution £
Service (HAS)7} ¢t} (Cabinet Office 2018, European Union S31% 1,000 H| E2] CNAV H|o]Z] ¢F d||tjo]| 16 H|EE AFESITH
2022, 2023). QZSS2] LEX+= L6 T oflA] L6E HIA|Z] Z[Q]o]| 2 oA sittuts FE 7Rto 2 A w R 24
7 ololel & AT A E g 8 H|ER ¢3Hd o= (Cyclic Shift B A5 wAz] ZHQ FAE 2H7] 3l Bash ZejdE
Keying, CSK) ¥iz5}o] L625 X431ct. Galileo®] HASE E6 Y HE 45 ARk A 2o o]o 2% ox & sltfrte ZE 7]%k
of|4] Civil Navigation (CNAV) g|o]z]¢] F7} Hlo]E| & 4 3L o7 AW Wy 249 87 459 44 W& Aedith 3%
o7 Aol x (Binary Phase Shift Keying) ¥1x5}0] E6-B ofME =YY B 4150 Za|RE HE $of mpE zY 7
2 AU T2 a2l 24U B ASE A5 e B A D5 PHT H5 Aol B4 wEE ALttt adelas 4
7 dlolezh Al HAA HIES SiThule (Hadamard) SE 7] % B4 A0E ECE 4% A Holk 2 e 4
yho 2 23 Wxshs whalo] ARMESIT (Ahn 2017). o] MALE B AAIE}R Sl AES BTt
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Fig. 1. Block diagram of augmentation signal transmitter.

2. ORTHOGONALLY MODULATED SIGNAL
WITH HADAMARD CODE
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n<255)& 82} YA|TFsIA] (primitive polynomial)o]] w2 4134
T E| X AF (linear feedback shift register) 2 A 4I5S} Zo] 255

o] sodolct. Fig 18 AF7HA) A& g Ei2 A4 2
7 A% sln] (0 < n <10230)9] 434 74 & Lehdich.
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LEXS} Zho] Qi E-g 32 HER AS3ch $417]% sk
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3. FRAME BOUNDARY DETECTION

3.1 Received Signal Model and Detection Method

r[n] = VPs[n] + wln] (n=10,1,2,...) (3)

A7) A] s[n]& 2ol A et B 4158 Yepl I vPE 4lS
9] 37] (amplitude) 24 415.9] -2 p7} k. winl2 7HH3
WARZEO- (additive white gaussian noise)2] EA4A EAIS w2
£ G3Ee =2 w~ N, 03)2] 325 7}3It} (Proakis & Salehi
2008).

zd A 5713 gAll e el PR 4 S
Jefsle] Eq. (4)ef 2ol 4241 4l 5o gk 574 3 (coherent

integration)-2 & -25c}.

2
T = [ SN R0 [k - 10230 + n]ci [l (4)
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Hypothesis 0 (C/NO = 38 dB-Hz, number of preamble symbol = 2)
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Fig. 2. Histogram of T under the null hypothesis.

A5 QAL 4 Zol7} Fut
o

usle] sele) AR A5 olRE Wyt of WL QL
24o] HolZ Sfa) do] N-102300.2 A575hel gho ekl
oit.

3.2 Methodology for Deriving False Alarm and
Missing Probability
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Hypothesis 1 (C/NO = 38 dB-Hz, number of preamble symbol = 2)
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Fig. 3. Histogram of T under the alternative hypothesis.
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C/NO = 32 dB-Hz, Number of preamble bits = 16
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Fig. 4. False alarm and missing rate for 16 preamble bits.

C/NO = 32 dB-Hz, Number of preamble bits = 24
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Fig. 5. False alarm and missing rate for 24 preamble bits.
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Fig. 6. False alarm and missing rate for 32 preamble bits.
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4. SIMULATION RESULTS
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Detection Probability
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Fig. 7. Frame boundary detection probabilities.

Table 1. Frame boundary detection probabilities at C/No of 34 dB-Hz.

False alarm Frame boundary detection probability (%)

16 bits 24 bits 32 bits
10° 70.75 90.56 97.18
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