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[Abstract]

Several low-cost global navigation satellite system (GNSS) receivers do not support general range-domain correction, and
DGNSS-CP (differential GNSS) method had been suggested to solve this problem. It improves its position accuracy by projecting
range-domain corrections to the position-domain and then differentiating the stand-alone position by the projected correction. To
project the range-domain correction, line-of-sight vectors from the receiver to each satellite should be calculated. The line-of-sight
vectors can be obtained from GNSS broadcast ephemeris data or satellite direction information, and this paper shows positioning
performance for the two methods. Stand-alone positioning result provided from Septentrio PolaRx4 Pro receiver was used to show
the difference. The satellite direction information can reduce the computing load for the DGNSS-CP by 1/15, even though its root
mean square(RMS) of position error is bigger than that of ephemeris data by 0.1m.
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Fig. 1. Comparison of DGPS methods (left: range-domain,
right: position-domain) [4].
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Table 1. GPS/Galileo/Beidou broadcast ephemeris and
clock parameter.

Parameter Explanation
B Ephemerides reference epoch in seconds within the week
Vva Square root of semi-major axis
e Eccentricity
M, Mean anomaly at reference epoch
w Argument of perigee
iy Inclination at reference epoch
Qo Longitude of ascending node at the beginning of the week
An Mean motion difference

i Rate of inclination angle

Q Rate of node’s right ascension
CiiciiCiis Latitude argument correction
B AP Orbital radius correction
CinsiCis Inclination correction

ap SV clock offset

aq SV clock drift

as SV clock drift rate
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¥ 2. GLONASS 2&7 = 2 AlA zjzio|g
Table 2. GLONASS broadcast ephemeris and clock

parameter.
Parameter Explanation
ts Ephemerides reference epoch

#(Ea) Coordinate at t. in PZ-90

y(te) Coordinate at t. in PZ-90

z(te) Coordinate at t. in PZ-90

vy (te) Velocity component at ¢, in PZ-90
vy (te) Velocity component at ¢. in PZ-90
Uy (te) Velocity component at ¢, in PZ-90
X () Moon and sun acceleration at ¢,
Y (te) Moon and sun acceleration at ¢,
Z"(te) Moon and sun acceleration at ¢,

T fite) SV clock offset

Yn(te) SV relative frequency offset
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Table 3. DGNSS-CP statistical result.

Statistical Result Max Mean STD RMS 95 %
Hor | 1.823 0.812 0.610 1.015 1.610

Stand-alone | | 1508 | 11.807 | 1385 | 11807 | 14398

DGNSS-CP Hor | 2.549 1.392 0.547 1.496 2.259
with NMEA Ver 3.275 0.945 0.647 0.975 2.052
DGNSS-CP Hor | 2497 1.401 0.487 1.483 2.104

with Eph Ver 2.739 0.762 0.573 0.812 1.682
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Table 4. Elevation angle differences between satellite
ephemeris and direction information.

Elevation angle differences

pm 3 10 12 14 18 22

GPS | diff | 0.26 | 0.25 | 0.25 | 0.25 | 0.25 | 0.24

max | 0.51 | 0.53 | 0.52 | 0.52 | 0.53 | 0.52

pm 1 2 3 11 12 13

GLO | diff | 0.25 | 0.27 | 0.26 | 0.25 | 0.28 | 0.29

max | 0.54 | 0.52 | 0.52 | 0.53 | 0.51 | 0.54
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Table 5. Azimuth angle differences between satellite
ephemeris and direction information.

Azimuth angle differences

pm 3 10 12 14 18 22

GPS | diff | 0.24 | 0.25 | 0.21 | 0.22 | 0.24 | 0.25

max | 0.52 | 0.51 | 0.50 | 0.54 | 0.50 | 0.53

pm 1 2 3 11 12 13

GLO | diff | 0.21 | 0.25 | 0.25 | 0.25 | 0.25 | 0.28

max | 0.50 | 0.55 | 0.55 | 0.52 | 0.51 | 0.55
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Model MSI GE62-2QC Laptop
cPU Intel 5 Broadwell i7-5700HQ ( 2.7 ~ 3.5 Hz / Quadcore)

Storage 256GB SSD + 1TB HDD

Memory DDR3L 8GB

GPU Geforce GTX960M GDDRS 2GB, Intel HD5600 ( Dual GPU )
Network ~ 1Gbps Gigabyte lan / 802.11 n/ac wireless lan / Bluetooth 4.0
Video I/O HDMI-4k / DP port / Webcam
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Fig. 6. Test configuration to compare computing power.

E 6. tix| M= J|¢ DGNSS-CP 2Alo| odikz |
Table 6. Computing power for satellite direction-based

DGNSS-CP.

Total

Numbers of
16.2439

Avera Satellites

verage Calculation
. 0.00064

time

E 7. 45 H==H J|¢ DGNSS-CP HHAlo] odfhz A}
Table 7. Computing power for satellite ephemeris-based

DGNSS-CP.
Total GPS GLONASS
Numbers of
16.249 9.287 6.963
Satellites
Average | Calculation
time(s) per 0.003 0.006
satellite
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