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ABSTRACT

The Quasi-Zenith Satellite System (QZSS) Civil Navigation (CNAV) message provides two almanac types, Midi and Reduced,
to aid satellite signal acquisition. An Interface Control Document (ICD) defines operational parameters for both, including the
reference time (¢,,) update interval and message transmission intervals. It also specifies three-dimensional position accuracy
for the Midi almanac to <10 km (10). However, the position accuracy of the parameter-simplified Reduced almanac remains
unspecified in the ICD. Therefore, verification using real broadcast data is necessary to confirm whether the operational
characteristics defined in the ICD for both almanacs, such as the ¢, interval - specifically for the Reduced almanac messages
- are consistently maintained. This study addresses these points through an experimental analysis using received QZSS CNAV
L2C signal data. The primary objectives were to evaluate the operational specifications using QZSS CNAV data collected
from experiments, in comparison with the ICD, and to quantify the position accuracy of the Reduced almanac, which is
not specified in the ICD. To this end, we first analyzed the actual update interval of the ¢, shared by both almanacs and the
reception intervals of Message Types 12 and 31 (containing the Reduced almanac). Subsequently, we evaluated the position
accuracy derived from the Reduced almanac through comparison with precise orbits and by identifying error sources. The
analysis showed that the update interval for the shared ¢,varied between 0.25 and 1.75 days, deviating from the one-day
period defined in the ICD. The reception intervals for Message Types 12 and 31, which are typically 288 seconds, occasionally
exceeded the 1200 second maximum defined in the ICD. The accuracy assessment confirmed the Midi almanac meets its
specification, whereas the Reduced almanac exhibited position errors of several thousand kilometers, stemming from its
use of fixed constants for dynamic orbital parameters. These findings provide an empirical evaluation of the QZSS almanacs'
actual operational characteristics and the Reduced almanac's accuracy limitations. This information can serve as a reference
for future almanac parameter design for a geosynchronized orbit used for regional navigation systems such as the Korean
Positioning System (KPS).
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H o] Quasi-Zenith Satellite System (QZSS)= GPSeFe] S 5H4]
2 ulFO 2 Folalo} A9 S AH|A o R SH 2|91
H A AHl(Regional Navigation Satellite System)2 2 g x|
ol 9] HEHEo} 7H8A S Folt vl FRT 3TL Yk QZSS
AL FHHAIAE F3l E-H =2 (broadcast ephemeris), A]
3 A9 B FE, 285 dopd(almanac) & AR
Al5kt} (1IS-QZSS-PNT-006 2024). o] & oo 941 <] o
A AE DAL HRE FSAEH R B AL 2 Al F

2|
T} (PS-QZSS-03 2022).
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A= A5, 914 A, A7 B W4 58 ATE] o] 441
717k §23k Ahubh e 899 Aeebe 54 ARk} thekAel ¢)
Aol BE 5T 94 BRI BT o Sslo] 415 &

A W9l 27 F3 4 ook AnpH o2 ohufte 2z 9117
A A]7FQ1 Time to First Fix (TTFF)& ©&A]Z 4= It} (Misra &

Enge 2006, Lee et al. 2024).

QzSSE ddigle A} A2l Civil Navigation (CNAV)-S
ol T SF2 gups AlFEt (Kim et al. 2024). shuhs 718
QZSS Legacy Navigation (LNAV) &4l 9] etnpdy} FAgH 117)
O A= @48 F/4E Midi grpdoln, ok shs 5719 HIE
QA8 145 Reduced grapdolth (1IS-QZSS-PNT-006 2024).
o]xg Reduced @nbte YAF AlFsche He FEG] 4
A o2 e A7) ufoll A 4] /X E Midi grhd R
ot w2 A 53 4 Qs oo AR Al BRI SAE ¥
= 94 A 259 FEee Adid o2 Wobd 4 9t (Lee
et al. 2025). £3|, CNAVQ} LNAVE] gt =& (Medium
Earth Orbit, MEO)Z A}25]= GPSE thAlo 2 7fdts]e] 1%
36,000 kme] & %] H = (Geostationary Earth Orbit, GEO)2} A]
5 7] 7E A= (Inclined Geosynchronized Orbit, IGSO)of| XA
shel 3gAlo] of 7] wiZel GPSeh= ohE 5] AE HEEE
7121t} (Xiaogang & Mingquan 2017).

Midi &rpdo] H= @ A A% 7] &A1ZH8 Almanac reference
week (WN,_,)2} Almanac reference time of week (¢,,)2] Z3F2
2 A o=}k QZSS ICD (IS-QZSS-PNT-006 2024)0] e 7
FA17E 74 571 240178, Midi b BlAlA o] 41 F7)
288zrtt. Midi o] Algshz 9442] $12] =+ QZSS
Performance Standard (PS-QZSS-03 2022)¢]] 10 km (3D-1o) ©]
U2 AAsEAL 9Jok Reduced Gubd oJA] 71&A12F 7341 F7] 9}
WAl ERgle] 41 271 Holslo] QAR 12 ko] of
Sl Wets] FE vt flol, A 8 BN A5 4
F& ASE Fao] Aidnt =5 EA o HAIE &8 F7]
ol AAl 94 Aol E P=Al F-A = =20l thek el o
Al &35t} Lee et al. (2025)+ GPS2] Midi &mpba} Reduced
upte] A% B4S Sastel, Z2te] 03h SFo] 4 km, 4

e}

km429)-S 151k Thil, 91 A7 Q7SS e AAHE

il
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7} ol Flme] Sheleln, £, Reduced Lrhte] 45 4
A dlolel7} obd Midi ot A8 7HE a8 Basioch
Kim et al. (2024)%= 7k A1 ARPER ONAV Hlo]ele] w4 5
719} AlEAC] Hiet A S ALE 7N A4S SEIAAEE oFA
AGet Al dubd A58 A 719k Adsel tigh 24 o
FA| ekt

H ATE QZSSolA FAlske Al 94 4155 4lste] ot
= 5 7HA F1E 245kt gt A, QZSS ICD (IS-QZSS-
PNT-006 2024)o]l HAJE Midi ¥ Reduced &mpe] ¢,0] A
F71ek HIAA] 41 F717F AA -8 FEME AA|st=AE
A5 HolHE Bl A5chs Aolth ERE QZSS Performance
Standard (PS-QZSS-03 2022)of] HA|E]z] 9F& Reduced &uf
ol Ak $140] 913 HHES Febr o sl Midi
Sfutlel umE o) 1 eabe] Pele FHkE Holch, A
2 dlolElS £ QzSS Yuie] UA £ WS Hetstn
Reduced &mbe] A4 55 AT 2=M QZSSeF ARt
RS ol 851t AAGIPHAI LRI 13 SPIPHAI AR
(KPS)©] b} Ao Za A2 28 4 9lck.

2 =2 ot Zo] /3t 2%ollAl= Midi E Reduced

2 8553 914 AL AHEShs T} 94 A1 BA

921 ATk 3O 1, D wlAIA] S41 5719} Reduced
Qupt A @ o] TRk B4 ATHE RIS, QZSS obrtoln
(Cabinet Office 2025)ef] Z70%= AU A% (precise ephemeris)
o] HEE Bl ¥ Anhd /e 91X HHEES FYHoE B
i} npake 2 4ol B o) ATE Helskic

oo

2. gt
2.1 Midi ot

Midi Qohe QzSs7} Al gl
2,389 g ol AHgsle AR SAH 94
ol A= AEE AlFgich o] gnpto] fLxot @ A Quasi-
Zenith Satellite System (QZSS) ICD (IS-QZSS-PNT-006 2024)
of Helxlo] glom, 7]&9] LNAV duida} FYUet e 48 14
=t} (Lee et al. 2025). Midi 2HRh-2 CNAV L2C H|A] 2] B} 37
3} CNAV2 LIC B x|Y] 3 g|o]7] 45 F3f Yol 23 A
a1l A AEET}H (1S-QZSS-PNT-006 2024). T3}, QZSS ©}7}
o]H (Cabinet Office 2025)0]| A= Midi &upd-S & 22k 4= Q)
onf & AFoAl= QZSS CNAV L2Co|A] A 42 golef <}
QZSS ofzto] BofA] Algshe 371 AARE BF 4o &8s}
sk

Table 12 Midi &opte] @ A0l 11 HolE A5t
Aol 7|24 A 248t T V& Al HEE A
e o] HIE 24 F5S Table 29] dare]Fo] &
Z) o] Earth Centered Earth Fixed (ECEF) 234 A+<]
E AL & QU Midi ek WA=l H]s)
Agsto] 4417
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Table 1. Midi Almanac parameters defined in QZSS ICD (IS-QZSS-PNT-006 2024).

Parameter Description Units
WN,,  Almanacreference week weeks
tn Almanac reference time of week sec
e Difference from reference eccentricity sec
6; Difference from reference angle of inclination semi-circle
Q Rate of right ascension semi-circle/sec
vA Square root of the semi-major axis VYm
Q, Longitude of ascending node of orbit plane at weekly epoch semi-circle
w Argument of perigee semi-circle
M, Mean anomaly in epoch semi-circle
a, SV clock bias coefficient sec
as SV clock drift coefficient sec/sec

Table 2. User algorithm ECEF calculation using Almanac parameters. Reference semi-major axis (Az)=26,599,710 m, angular velocity of Earth rotation
(Q)=7.2921151467x10"rad/s, Earth gravitational constant ()=3.986005x10"* m’/m’ defined in QZSS ICD (IS-QZSS-PNT-006 2024).

Parameter Description
Ay = Apgt0, Semi-major axis [m)]
ny= /g Mean motion [rad/s]
0
t=t-t,, Elapsed time from almanac epoch [rad]
My=Dy-Wger Mean anomaly in almanac epoch [rad]
M,=M+nt; Mean anomaly [rad]
My=E-esin E; Calculation of eccentric anomaly by Kepler’s Equation [rad]
V1-&si
v=tan’ Vi-esin | e anomaly [rad]
cosE-e
U=Vt Wpgr Argument of latitude [rad]
ri=A,(1-e cos E,) Correction of radius [m]
YT COS th Position in orbital plane [m]
Y= sy

Q=0+Q-Q)t-O.t, Correction of longitude of ascending node [rad]

X=X Q=Y cos i sin Q.

V=X Q-y'cos isin Q. Satellite position in earth-fixed coordinate system [m]

z=y'cos i

Table 3. Reduced Almanac parameters defined in QZSS ICD (IS-QZSS-PNT-006 2024).

Parameter Description Units
WN,,  Almanac reference week week
[ Almanac reference time of week sec
A Difference from nominal semi-major axis m
Q, Longitude of ascending node of orbit plane at weekly epoch  semi-circle
D, Argument of latitude at reference time semi-circle

dlo]g] dAlola} & 4= glt} (IS-QZSS-PNT-006 2024, Lee et
al. 2025).

2.2 Reduced Op:}

Reduced &mph2 Midi dupdat niz7 k2] 2 $1449] $14] A
Aol ot B E AFSIATE L5t 247 FAs)E o] Q)
T} (IS-QZSS-PNT-006 2024). CNAV L2C 415.9] W|A]z] E}S]
12, 313} CNAV2 LIC A HZ|Y] 3 Ho]Z] 3& F3l $]/dollA] &
H AH&ARNA Reduced grbdo] M E=m] Midi grhd Bt 7+
ASHE LR F o] B2 A7 qtoll WHEste] AR At o whE ]
= AlAro] 7155het (IS-QZSS-PNT-006 2024, Lee et al. 2025).
Reduced ¢Fopt T3 QZSS CNAV L2Col|A] 24 Hlo|E|E 4]
o 2|1 3EE F& 22 Table 3of LER T

Reduced &b 55 94 H1A] A4k Midi dubdat 54

Table 4. Reduced Almanac constants parameters defined in QZSS ICD (IS-
QZSS-PNT-006 2024).

Parameter Unit QZOsatellite GEO satellite

B ] 0.075 0
; rad 02389 (=43") 0
Q rad/s  .87x10™ 0
Wigr rad -0.5(=270") 0

S G S-S o] gt ouk, A= Q] FARHG), ol E(e), 5al
A W (0), T B wy) 5 YR 84+ Reduced Lubd
of X3 Joug JR A= QAE ICD AR A LlshH,
ECEF it A4 A] 2 8-3kct. Table 4+ B AHE(GEO)L} 4
A A= (Quasi-Zenith-Orbit, QZ0)H AMy-2 A ol=l P& R A9}
T ke A Egk Aot} o] 23k 4] © 2 Reduced YrbeE o8
SHA, Midi b tiv] W2 Hh 2o} of A= 2] v 7t 14t

1 O
who 2 14 $1%1% 44 4 ot
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Table 5. Experiment overview.

Date Receiver

Antenna

Position

2025.08.21 Septentrio

Trimble

Latitude Longitude Height

~2025.09.01 PolarX5 Zephyrmodel2 36.399° 127.375° 93m

Table 6. QZSS L2C CNAV raw ASClifile structure. defined in Polarx5 firmware v5.6.0 Reference Guide.

Parameter Description
Syncl A fixed 2-byte signal ($@) marking the start of a data block for synchronization.
Sync2 -
CRC A 16-bit value used to verify the data block's integrity and check for errors.
1D A 2-byte value that identifies the block's type and version number.
Length A 2-byte integer specifying the total size of the data block in bytes.
TOW A time-tag representing the number of milliseconds that have passed since the beginning of the current GPS week.
WNc The continuous GPS week number, which is not reset by the 1024-week rollover event.
SVID Satellite ID

CRCPassed Status of the CRC or parity check (0: CRC or parity check failed, 1: CRC or parity check passed

ViterbiCnt  Viterbi decoder error count over the subframe

Source Bit field (Bits 0~4: Signal type from which the bits have been reserved, Bits 5~7: Reserved)

Reserved
Rxchannel Receiver channel

Reserved for future use, to be ignored by decoding software

NavBits contains the 300 bits of a GPS CNAV subframe. Encoding: NavBits contains all the bits of the frame, includ-

NavBits ing the preamble. The first received bit is stored as the MSB of NavBits[0]. The unused bits in NavBits[9] must be
ignored by the decoding software.
Padding Padding bytes

Fig. 1. QZSS L2C message type 37 defined in QZSS ICD (IS-QZSS-PNT-006 2024).

2.3 #% H|olE{ 7)o nftt Parsing

Reduced QFofut glojeli= ) W4AIE ol Midi oft
It g HE S opFto| HE AlFshs AU AT §l7] wfiiel &
Aol M= grbdo] &1 QZSS CNAV L2C A58 A 441
slo dlofelE F&31tt dlolE 432 2025 8¢Y 21U FE]
20254 9¢ 147}A] A3 =|Q) 31, Trimble Zephyr Model 2(QHE]|
Lhe} Septentrio PolarX5(p4171)E ARESHTE A 249} 2]
50) AP Table 5ol A els}ict.

QZss Fyulolel o] LA Q1 & Sag-2 oh&ak At} QZSS
of CNAV FulAI 28] 4] Blolelg 435171 18 4417 4
& 550 L2C A HlolE] 418 AAste] LA olE & A%

5193 th Septentrio 424171 2] 74-$- x4 RS Septentrio Binary

https://doi.org/10.11003/JPNT.2026.15.1.13

Format I} 4lo 2 4] Hlo]E| & AL, o] YA Ho]
El&= SeptentrioAlo]| A A|-E5H= GNSS receiver control and
analysis softwareZ AF2-5}o] ASCII u} 2 ¥glsict. Table 6-&
ASCILSHJollq 13 4+ 9l 70 245 HelsIith ASCH
T}hel o] ‘NavBits'aholl = QZSS CNAV HA]A] (300 bits)7} 16714
Hel2 Ao} glom), HFH o o2 ICD] Foll 4L
w2t Migksto] HHIA A E FE319]th

Midi el A9 TAH AR 2204 e hew
Zck. Midi ehufe oAl A E1) 370 Zgeo] glom Ak

A2 FAsHe 7t e PEE dlolE 2 2%
31 QZSS CNAV L2C €1A] glo]E] £ Midi Zrupts 5
olck Al wlolEl AR Bejeo] ob]7] wjEe] 3
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Fig. 2. (a) QZSS CNAV L2C message type 12 and (b) QZSS CNAV L2C message type 31 defined in QZSS ICD (IS-QZSS-PNT-006

2024).

Fig. 3. QZSS Reduced almanac packet structure defined in QZSS ICD (IS-QZSS-PNT-006 2024).

Table 7. Midi almanac parameter LSB defined in QZSS ICD (IS-QZSS-
PNT-006 2024).

Parameter Number ofbits LSB
WN,,, 13 1

L 8 2"

e 11 2
S, 11 o™
Q 11 2%
VA 17 2
Q, 16 2"
w 16 2"
M, 16 2"
a 11 2%
a, 10 2%

3} 7} o] ] L@ 5lrt Least Significant Bit (LSB)E
aloll Fsto] A7) Fejake o 4 9lom Midi Guhtol
F T3 dlo]E] D LSB+= Table 70]] % 2J5}3ict.

4 e
7t e

b Lo

Reduced Gmpe2 HIAIX] BFY) 12¢} 310 = H|A| 7]
Z*= Fig. 29} 7t} Midi &3} 28] Almanac reference week
(WN,), Almanac reference time of week (t,)2 A|JsF A= &
A9} 2]4 Pseudo Random Noise (PRN) Code A H7} Reduced
Jujt shzlof glom sAlAlute} 7ol §11 Aol Hol7} )
o} HAIZ] BFY 12+ & 7702 Reduced b gzl 71A]H,
HE 3} 33 3j7lo]] PRN 1969} PRN 200 2]41¢] Reduced 2
npo] bt HAIA] B9 312 /1Y) SZ& 7FAH 2, 3, 4
B mjj7lo]] Z+Z} PRN 194, PRN 195, PRN 199 ¢4l 9] glo|E|& =
et} B w72 Fig. 33} o] U3 AR & Zh=th Midi &
3} 7R 2 A Al Sl 42 3he AR EElEo] ofY
7] whioll ZF @ 4ol - LSBE H5to] AA 223F& 4o
Reduced &updo] 7+ @ At} LSBE Table 8o A &5l3ich

http://www.ipnt.or.kr
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Table 8. Reduced almanac parameter LSB defined in QZSS ICD (IS-QZSS-
PNT-006 2024).

Parameter Number ofbits LSB

WN,, 13 1
fn 8 212
8, 8 2
Q, 7 2°
) 7 2°

o

Table9. Midiand Reduced almanact,,in 2025.08.21 ~ 2025.09.01.
Midi almanac ¢,, Reduced almanact,, FirstReception Time

WN,

(s) () (UTC)
2381 0 0 2025.08.21 02:26:06
2381 86016 86016 2025.08.22 01:04:30
2381 131072 131072 2025.08.22 13:04:30
2381 176128 176128 2025.08.23 01:04:30
2381 241664 241664 2025.08.23 20:02:06
2381 262144 262144 2025.08.24 01:04:30
2381 270336 270336 2025.08.24 04:02:06
2381 348160 348160 2025.08.25 01:04:30
2381 434176 434176 2025.08.26 01:04:30
2381 520192 520192 2025.08.27 01:04:30
2382 0 0 2025.08.28 01:04:30
2382 86016 86016 2025.08.29 01:04:30
2382 176128 176128 2025.08.30 01:04:30
2382 262144 262144 2025.08.31 01:04:30
2382 348160 348160 2025.09.01 01:04:30
3. 8s8S

3.1 gopte] F|EAIZE 91

Midi &t Reduced dopde W, 7k ¢, 2 TAE 7]18 A]
Z+e 7|1E2 02 AREE R 7|&EAZe] 744l 27| dupdo] AY
A== A4 715 9u]gict QZSS ICD (IS-QZSS-PNT-006
2024)= 0] F7]2 19(86,400%) 2 & o]} Qi o]H Hol A=
o] o] A &4 BelA oeltlw $AEER BBt

A T dupde] 7122 784l 7] otk f1al A S Hlo]
E]Q1 QZSS CNAV L2C HA|Z] E}Y] 373} 120141 Midi Gptat
Reduced gupte] 71&A)ZHS Zhzh 2 &5)o] v W 5)Qitt Table
9= 20254 8 2191 R 2025 99 1U7HA] 4AlE & otmpt
9] 7|EAIZTE BojEet 3, | 71EA1Z;
el E= IS ERIstr] $1al &
W7 Uepict. 243, 0171
Zhe 18] QBT ol M
HE"—_E}_ HAIZ] BF & S5l
FAlol g & om l"iﬁ}

%sz, = obujite] A% oo]el7|ut 7|21t 734

O Q& afsiol Fig. 4o eck i 491 V3
7k Zpol(at,,) gholw], x&-2 7t At, ol 3Fsh= Day of
year (DOY)I:]- DOY 234, 235, 23694 At, 7} 1Y n|gto & =
=g Sl ofel 8 30 $UREE Hehd
gRol| A A5 dlolel7]et 71212t
QZSS-PNT-006 2024)S wha %] 9kt gg%% gq

A% Hloleleh QZSS oblelne] 7 EAIZHE HlE BAls)]

.r\‘_L
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(a) Midi almanac

234 235 236 237 238 239 240 241 242 243 244
DOY (2025)

(@)

(b) Reduced almanac

234 235 236 237 238 239 240 241 242 243 244
DOY (2025)

(b)

Fig. 4. (a) Midi almanac At,,, and (b) Reduced almanac At,,, in 2025.08.21 ~
2025.09.01. by QZSS CNAV L2C Message type 12, 37.

Table 10. Midialmanac t,, in 2025.08.21~2025.09.01 by QZSS archive.

WN,, t,.(s) UTC

2381 0 2025.08.23 23:59:42
2381 131072 2025.08.2512:24:14
2381 241664  2025.08.26 19:07:26
2381 270336  2025.08.27 03:05:18
2381 348160  2025.08.28 00:42:22
2381 434176  2025.08.29 00:35:58
2381 520192  2025.08.30 00:29:34
2382 0 2025.08.30 23:59:42
2382 86016 2025.08.31 23:53:18
2382 176128  2025.09.02 00:55:10
2382 262144  2025.09.03 00:48:46
2382 348160  2025.09.04 00:42:22

el = 7]7H2025 8 212 ~ 2025 9 12) QZSS o}7}o]
HojlA] AZLsl= Midi gupd 7] &A12-8 Table 100]] YeRdch
olef, 71EAIZre] A A ] IR} et 57 {8l s Al
UTCZ H3gks}9ic} #3k 3ol A& 2025E 712 GPSTS} UTC
7He] g & xloldl 182E BAslo] Hgsloint. T35k, 7| &A%
o] o} AL BASL A2 Fig, 50| LTk Table 100] 2417
I} QZSS ofzto]Bo] Midi dmbe 71&A1ZH2 ASHolEe &
2 o He o] 71 2A12ke ZBhT glck. Figs. 49} 55 vl )
BT, QZSS ool = Midi dupte] 7]EA]zte] A% vlojel =
o} of QP S Rk Fig SollA] tRi shte] Dovel 5k
Lhe] At 5t E2430 01, DOY 2365 A|el5H, 109 9] ©7] #7¢
of|A] At 7} QZSS ICD (IS-QZSS-PNT-006 2024) of] A o]l 1Y
710l vlaAd 2Hske S 2ok

Fig. 50llA] 88%k T7] £41(8 2195 94 1¢d7kA))} 8
£ 2, Midi gup 718412t %‘717“‘1 17341 sfied =Relskr] $ish
Fig. 59] A|AE A|2I3} 2025 59 4L HE] 8 3U71A] oF 374
L7 QZSS ofFfo] Ho| HlolE & H“oPO% Fig. 60f| Uebdlch &
A717%o] WY E Folidel wel, Fig. 604+ Fig. 59 ge] T
=2 H:]E:‘T-_O] glo]ﬂcﬂr,]. Flg 601]k]h QZSS Midi OPU]-U'_J AH/L-]
717} QZSS ICD (IS-QZSS-PNT-006 2024)°f] 2= 1Y F7]
A o8 FAISHA &t 1Y 715 A7+ DOYE U
9 W™ DOYolA] 0.25~1759 ] B35k 784 F717} o
2= Qi) o= A QZSS i to] SsHA FEE A gk
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Fig. 8. Variation of PRN 196 Reduced almanac parameters (4A,Q,®,) with
t,, based on data from packet 1 of QZSS CNAV L2C Message Type 12.
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Fig. 9. ECEF position errors of Reduced almanac-derived orbit relative to
precise orbit. (@) PRN 194 error, (b) PRN 195 error, and (c) PRN 196 error.
The analysis is based on Precise Ephemeris (QZSS archive) and Reduced
almanac (QZSS CNAV L2C Message Types 12 and 31).
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Fig. 10. 3D Orbit error about (a) Midi almanac and (b) Reduced almanac
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Ephemeris. This Midi almanac is from the QZSS archive and the Reduced
almanac is from QZSS CNAV L2C Message Type 12 data.

Table 11. Comparison of variable parameters in the Midi almanac and their
corresponding constant values in the Reduced almanac, defined in ICD (IS-
QZSS-PNT-006 2024).

Parameter Unit Midialmanac Reduced almanac Difference
e - 7.422215 x 107 7.5x 107 7.778549 x 10
i degree  36.821365 43 6.180635
Q rad/s -2.342955x10° -2.733186x10°  3.902309 x 10™
w rad -1.590535 -1.570796 1.973877 x 107

Table 12. Analysis of orbital error components caused by the parameter
simplification in the Reduced almanac.

Error type Magnitude Unit
Radial error 33.89 km
Cross track Error 4718.35 km
Q drift 1.47 km/day

Along track error 860.02 km
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