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ABSTRACT

The Global Positioning System (GPS) broadcasts almanac data to assist users in rapidly acquiring satellite signals by providing
approximate satellite ephemeris and clock correction information. GPS Civil Navigation (CNAV) messages introduce two
types of almanacs: the Midi almanac, identical to the almanac used in the Legacy Navigation (LNAV) message, and the
reduced almanac, which is newly defined with a simplified set of parameters. This paper analyzes and compares the Midi and

reduced almanacs, focusing on their impact on satellite position estimation accuracy and data transmission efficiency. The

results show that the reduced almanac can transmit data for the entire satellite constellation up to seven times faster than the

Midi almanac, offering a significant advantage in terms of acquisition time. However, due to its simplified parameter set, the

reduced almanac yields lower accuracy in estimating satellite position. When the resulting errors are expressed in angular

terms, however, the reduced almanac maintains sufficient precision for identifying satellites above the horizon. These findings

suggest that the reduced almanac is suitable for applications where fast signal acquisition is prioritized, such as initial receiver

startup, whereas the Midi almanac is more appropriate for scenarios requiring more accurate satellite orbit information.
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Table 1. Midi almanac parameters. All definitions are adapted from the GPS interface control documents (ICD) (IS-GPS-200N 2022, IS-GPS-705J 2022). LSB

refers to the least significant bit.

Parameter No. of bits Scale factor (LSB) Units Definition

b 8 2" seconds Almanac reference time
e 11 27 dimensionless ~ Eccentricity

S, 11 2 semi-circles Relative inclination angle (i,=0.30 semi-circles)
Q 11 2% semi-circles/sec Rate of right ascension

VA 17 2" Jmeters Square root of the semi-major axis

0, 16 2" semi-circles Longitude of ascending node of orbit plane at weekly epoch
w 16 2" semi-circles Argument of perigee

M, 16 2'}5 semi-circles Mean anomaly at reference time

ay 11 2% seconds SV clock bias correction coefficient

ap 10 2% sec/sec SV clock drift correction coefficient

Table 2. Comparison of broadcast satellite ephemeris and clock correction parameters with Midi and reduced almanac parameters. All definitions are adapted
from the GPS ICD (IS-GPS-200N 2022, IS-GPS-705J 2022). The satellite ephemeris and clock correction parameters are based on CNAV, which defines a slightly

different parameter set compared to LNAV.

" Ephemeris & clock  Midi Reduced
Parameters Definitions .
correction almanac almanac
toe Ephemeris/almanac data reference time of week [0} O O
A Change rate in semi-major axis (6] X X
AA Semi-major axis difference at reference time 0 0 (VA) 0(8,)
M,,, Mean anomaly at reference time [0} O (M,) O (D)
e, Eccentricity [0} 0O f(e) X
w, Argument of perigee [0} 0 (w) O (D)
An, Mean motion difference from computed value at reference time [0} X X
Aty Rate of mean motion difference from computed value [0} X X
Q. Longitude of ascending node of orbit plane at weekly epoch [0} 0(Q,) 0(Q,)
AQ Rate of right ascension difference [0} X X
i Inclination angle at reference time [0} 0(5) X
IDOT Rate of inclination angle [0} X X
C. Amplitude of the sine harmonic correction term to the angle of inclination [0} X X
Ci.n Amplitude of the cosine harmonic correction term to the angle of inclination (0] X X
Cyp Amplitude of the sine harmonic correction term to the orbit radius [0} X X
C,.., Amplitude of the cosine harmonic correction term to the orbit radius (0] X X
(o Amplitude of the sine harmonic correction term to the argument of latitude [0} X X
Coon Amplitude of the cosine harmonic correction term to the argument of latitude (0] X X
ay SV clock bias correction coefficient [0} (e} X
a, SV clock drift correction coefficient (0] (0] X
a, SV clock drift rate correction coefficient (0] X X
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Calculation of Ephemeris
Parameters (Ay, Vi)

Calculation of Ephemeris
Parameters (e, Wy, Qy, ix)

Calculation of satellite position
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Fig. 1. User algorithm for satellite position calculation using ephemeris parameters. Ag is the reference value of semi-major axis at the reference time
(Are=26,599,710 m),  is the Earth's gravitational constant (u=3.986005x10" m*/s%), and Qg is the Earth’s rotation rate ((se:=7.2921151467x107 rad/s). X,,
Y, and z represent the Earth-fixed coordinates of the satellite. All other definitions are provided in Table 2. All equations are adapted from the GPS ICD (IS-

GPS-200N 2022, IS-GPS-705) 2022).
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Table 3. Differences between user algorithms for satellite position
calculation using ephemeris parameters and Midi almanac parameters. All
equations are adapted from the GPS ICD (IS-GPS-200N 2022, IS-GPS-705J
2022).

User algorithm using ephemeris  User algorithm using Midi

parameters almanac parameters
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A=Ag+A), A=(vAY
An=AngryAngt, An,=0
Su=C,, ,sin2®,+C,_,cos2®, Su,=0
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Table 4. Reduced almanac parameters. All definitions are adapted from the GPS ICD (IS-GPS-200N 2022, IS-GPS-705J 2022). LSB

refers to the least significant bit.

Parameter No. ofbits Scale factor (LSB) Units Definition
t 8 2" seconds Almanac reference time
d, 8 2° meters Relative semi-major axis (A,,=26,559,710 m)
0, 7 2¢ semi-circles  Longitude of ascending node of orbit plane at weekly epoch
D, 7 2° semi-circles  Argument of latitude at reference time (Q,=M,+w)
100 bits (4 seconds) 100 bits (4 seconds)
1 9 15 21 3839 50 555861 72 98 1 9 15 21 3839 52 60 91
Msg. Msg. Msg.
Preamble] PRN | type TOW sbunt top ‘ | foc ao-n | ‘ [reamblel PRN | type Tt Wiy tou | Red”:::k:ﬂa"“ | ‘
‘I‘ T T —URAye, index
Alert flag URAygp; index Alert flag
URAepo index 101 122 153 184
101 18 128 141 149 155158 169 180 191
Reduced almanac Reduced almanac Reduced almanac Reduced almanac
| ‘ | ‘ . ‘ ‘ packet 2 packet 3 ‘ packet 4 packet 5
apin apzn WNon t, & ) VA
o] 201 215 246 277 300
12 heath Reduced almanac Reduced almanac cRC
L3 heald packet 6 packet 7
201 208 224 240 256 267 217 300
\Z R ‘ ® | Mo l o ‘ an ‘ CRC ‘ Fig. 3. GPS L2-CNAV message type 12 (reproduced from Fig. 30-10 in IS-

Fig. 2. GPS L2-CNAV message type 37 (reproduced from Fig. 30-10 in IS-
GPS-200N 2022). Gray shading indicates Midi almanac parameters.

2 EYUsiet. o] o, Midi Lubete] 9ok nkirbA 2, A o}
ghu|Ejoll = 3= 2|9k reduced Lupd sietu|Ejof = L3ty
A ghe WAt B 002 AAsto] Ak ALg 3t (I5-GPS-
200N 2022, IS-GPS-705J 2022). &, H=2] ZAFzHinclination
angle)-2 i(55 degrees)+6,(0.0056 semi-circles), 273 ¥H5}-&(rate
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GPS-200N 2022). Gray shading indicates reduced almanac packets.

100 bits (4 seconds)
1 9 15 21 3839 50 555861 72 98
Msg.
Preamble| PRN nlfge Toxscgo-u nt top ‘ | toc Qo-n ‘ ‘
£ —URAcp; index
Alert flag URAygp; index
URAygpo index
101 18 128 141 149 180
Reduced almanac Reduced almanac

| - G ‘ WhNa-n toa ‘ packet 1 packet 2

201 21 242 273 277 300

Reduced almanac

packet 4

Reduced almanac
packet 3

CRC ‘

Reserved

Fig. 4. GPS L2-CNAV message type 31 (reproduced from Fig. 30-10 in IS-
GPS-200N 2022). Gray shading indicates reduced almanac packets.
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0F A 60X x 12%) Hhof] A4S 85k 4 ok 22,
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Table 5% 2013 69 = 257F 2185l CNAV test campaign



Table 5. Sequence of message types in the CNAV master frame during the
CNAV test campaign on June 15, 2013 (Montenbruck et al. 2013).

Sequence Message type | Sequence Message type
1 10 11 15 30 9 10 11 15 35
10 11 32 33 10 10 11 32 30
10 11 12 35 11 10 11 12 33
10 11 12 30 12 10 11 12 35
10 11 12 33 13 10 11 12 30
10 11 12 35 14 10 11 12 33
10 11 12 30 15 10 11 12 35
10 11 32 33
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20194 119 25212} YUMA Qpte 7|20 8 o]E 69 £oto)
Qmbt Sk 9b 91X 34 Hekwg RSkt

32 USCG NAVCENOAE= Midi dapd do]elehe A|-3s}
1 9lom, reduced gmptol el FAHE dolel= &1 4~ ¢
itk olofl wat, & Aol A= Midi gmbd Hlo]e & reduced
g GAlof] A 7hgste] AR5 0w, ofuff Tables 13} 40|
AAE 7+ afefu]e o] B E 4> 2 A7 WHE](scale factor)E 3L
a5k

whEbA], L Qd ol A A44dE

58 4 51k 59, 2719 W] 8 o4 A4 ols} HJ%

EL g 5 olg GAlo] ZPHBE, 0|2 I8 F7b8l 4
% 927} 9918 FhsAlo] EAE. o3k Zbt WEk 2
one] o3t THsAl e B Aol YA R A48T 4 ck

Midi ¥ reduced &up 718 YA %] 24 A= E Hrist

Aik= vha Aok Fig. Sae 64| 14 A= SetnE S
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Fig. 5. (a) ECEF position of the PRN 3 satellite computed using the
broadcast ephemeris, (b) broadcast ephemeris error evaluated by
comparison with the precise orbit provided by the IGS (2025). The IGS
final orbit product is used.
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—dx (1)
f=d Am
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Fig. 6. Satellite position estimation errors calculated using Midi and reduced almanacs for (a) PRN 1, (b) PRN 3, and (c) PRN 17. The right panels show
zoomed-in views of the corresponding left panels to highlight detailed variations in the satellite position estimation errors from the Midi almanac.
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Fig. 7. Satellite position error converted from meters to degrees
(reproduced from Fig. 3 in Xie et al. 2006).
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