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ABSTRACT

GNSS has been evolving dramatically in recent years. There are currently 6 GNSS (4 GNSS, AND 2 RNSS) constellations, which
are GPS (USA), GLONASS (Russia), BeiDou (China), Galileo (EU), QZSS (Japan), and IRNSS (India). The Number of navigation
satellites is expected to be over 150 by 2020. As the number of both constellations and satellites used for the improvement of
positioning performance, high accuracy, and robustness of precise positioning is more promising. However, a large amount

of the correction messages is required to support the augmentation system for the available satellites of all the constellations.

Since bandwidth for the correction messages is generally limited, sending or scheduling the correction messages might be a
critical issue in the near future. In this study, we analyze the relationship between the size of the bandwidth and Real-Time
Kinematics (RTK) performance. Multiple Signal Messages (MSM), the only Radio Technical Commission for Maritimes (RTCM)
message that supports multi-constellation GNSS, has been used for this assessment. Instead of the conventional method that

broadcasts all the messages at the same time, we assign the MSM broadcasting interval for each constellation in 5 seconds. An
open sky static and dynamic test for this study was conducted on the roof of Sejong University. Our results show that the RTK
fixed position accuracy is not affected by the 5-second interval corrections, but the ambiguity fixing rate is degraded for poor

DOP cases when RTK correction are transmitted intermittently.
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Table 1. The legacy RTCM-3 observation message.

Message type Message name
MT 1001 L1 - only GPS RTK observables
MT 1002 Extended L1 - only GPS RTK observables
MT 1003 L1 & L2 GPS RTK observables
MT 1004 Extended L1 & L2 GPS RTK observables
MT 1009 L1 - only GLONASS RTK observables
MT 1010 Extended L1 - only GLONASS RTK observables
MT 1011 L1 & L2 GLONASS RTK observables
MT 1012 Extended L1 & L2 GLONASS RTK observables
MT 1071 - 1077 GPS MSMs
MT 1081 - 1087 GLONASS MSMs
MT 1091 - 1097 GALILEO MSMs
MT1111-1117 QZSS MSMs
MT1121-1127 BeiDou MSMs

o)

Kinematics (RTK) $1%] 43'5:3h] A f7o] tha 248 43y
1o} ek

2. RTK CORRECTION MESSAGE

2.1 RTCM Message

Radio Technical Commission for Maritime Services (RTCM)
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Table 2. Short content of each MSM.

MSM type Message name
MSM 1 Compact GNSS Pseudoranges
MSM 2 Compact GNSS PhaseRanges
MSM 3 Compact GNSS Pseudoranges & PhaseRanges
MSM 4 Full GNSS Psudoranges & PhaseRanges plus CNR
MSM 5 Full GNSS Psudoranges & PhaseRanges
& PhaseRangesRate and CNR
MSM 6 Full GNSS Pseudoranges & PhaseRanges
plus CNR (high resolution)
MSM 7 Full GNSS Pseudoranges & PhaseRanges
& PhaseRangesRate and CNR (high resolution)
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Fig. 1. Data bandwidth for broadcasting current MSM RTK correction.
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2.3 Intermittent Broadcast of MSM Message
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3. TEST RESULT

3.1 RTK Test Construction using Replay System
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Fig. 2. Data bandwidth for intermittent broadcasting MSM RTK correction.
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3.2 Bandwidth Analysis for Intermittent Broadcast
of MSM Correction Messages
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Fig. 3. RTKreplay system.
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Fig. 4. Data packet analysis.

Table 3. Data packet analysis result.

Averagedata Maxdata Average#of Max. #of
size (bps) size (bps) NY SV
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Fig. 5. Static test constructions.
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Fig. 7. RTKreplay system with scheduling.

Table 4. Statistics of static test results.

Current broadcast method Intermittent broadcast (0.2 Hz)

Horizontal ~ Vertical Horizontal Vertical
RMS error (cm) 0.50 0.56 0.59 0.70
GPS only Mean error (cm) 0.43 -0.26 0.53 -0.02
Max error (cm) 2.81 2.73 1.63 3.17
RMS error (cm) 0.24 0.42 0.47 0.60
GPS+BeiDou Mean error (cm) 0.21 -0.23 0.42 -0.27
Max error (cm) 1.27 1.67 1.72 2.23
RMS error (cm) 0.48 0.65 0.48 0.55
fé);B(;hONASS Mean error (cm) 0.46 053 0.43 0.22
Max error (cm) 1.05 1.77 1.64 1.93
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Fig. 8. Static test results.

Mask angle : 5° Mask angle : 30° ) ) ) )
Table 5. High elevation angle masking environment test - GPS GLONASS
BeiDou result.
C t broadcast Int ittent broadcast
a \o GPSIGLONASS+BeiDou 000 " e"m(oe;Hzr)"a s
= k £30° :
L = (maskangle of 30°) Horizontal Vertical  Horizontal Vertical
RMS error (cm) 0.64 1.06 0.48 0.54
Mean error (cm) 0.60 0.84 0.43 -0.20
Max error (cm) 1.61 3.07 1.41 2.03

Fig. 9. High elevation angle masking environments.
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Table 6. High elevation angle masking effect result - various GNSS
constellation combination.
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Fig. 15. Pool DOP condition test.

Table 7. Pool DOP condition test result.

Current broadcast method Intermittent broadcast (0.2 Hz)
Horizontal ~ Vertical Horizontal Vertical

GPS+GLONASS RMS error (cm) 1.03 1.06 0.80 1.36
+ Mean error (cm) 0.98 0.30 0.66 -0.61
(Poor DOP)
Max error (cm) 3.71 5.17 5.82 6.33
GPS+BeiD RMS error (cm) 0.29 0.64 0.55 0.79
+BeiDou
(Poor DOP) Mean error (cm) 0.26 -0.41 0.49 -0.31
Max error (cm) 1.00 3.83 1.54 3.33
GPS+GLONASS RMS error (cm) 0.48 0.69 0.59 0.93
+BeiDou Mean error (cm) 0.42 0.07 0.53 -0.40
(Poor DOP) Max error (cm) 245 443 1.81 3.93
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Table 8. Dynamic test position error in fixed solution result.

GPS+GLONASS Delay 0 sec Delay 5 sec

Horizontal Vertical Horizontal Vertical

RMS error (cm) 0.58 4.73 0.79 4.71
Mean error (cm) 0.52 -4.65 0.70 -4.48
Max error (cm) 1.38 7.30 2.39 8.40
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