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ABSTRACT

In order to ensure the high-integrity of reference stations of satellite navigation system, cycle slip should be precisely

monitored and compensated. In this paper, we proposed a cycle slip algorithm for the integrity monitoring of the reference

stations. Unlike the legacy method using the Melbourne-Wiibbena (MW) combination and ionosphere combination, the

proposed algorithm is based on ionosphere combination only, which uses high precision carrier phase observations without

pseudorange observations. Two independent and complementary ionosphere combinations, Ionospheric Negative (IN) and

Ionospheric Positive (IP), were adopted to avoid insensitive cycle slip pairs. In addition, a second-order time difference was

applied to the IN and IP combinations to minimize the influence of ionospheric and tropospheric delay even under severe

atmosphere conditions. Then, the cycle slip was detected by the thresholds determined based on error propagation rules, and

the cycle slip was identified through weighted least square method. The performance of the proposed cycle slip algorithm

was validated with the 1 Hz dual-frequency carrier phase data collected under the difference levels of ionospheric activities.

For this experiment, 15 insensitive cycle slip pairs were intentionally inserted into the raw carrier phase observations, which
is difficult to be detected with the traditional cycle slip approach. The results indicate that the proposed approach can
successfully detect and compensate all of the inserted cycle slip pairs regardless of ionospheric activity. As a consequence, the

proposed cycle slip algorithm is confirmed to be suitable for the reference station where real time high-integrity monitoring is

crucial.

Keywords: GNSS, Cycle-Slip, integrity monitoring, DQM, reference station, ionosphere combination, Geometry-Free
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Fig. 1. IN and IP combinations’sensitivity patterns depending on GPS L1 and L2 Cycle-Slip pairs.
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Fig. 3. The geomagnetic indices during 8-9 September, 2017.
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Table 1. Insensitive Cycle-Slip pairs and their theoretical monitoring values.

Cycle-Slip pairs Theoretical monitoring values
LI [cycle] L2[cycle] IN [cm] 1P [cm]
1 -2 104.91 -5.31
1 -1 67.16 2.10
2 -3 172.07 -3.21
2 -2 134.32 4.20
3 -4 239.24 -1.11
4 -5 306.40 0.99
4 3 4.41 60.30
5 -7 411.31 -4.32
5 -6 373.56 3.09
5 4 -3.92 77.23
6 -8 478.47 -2.22
6 -7 440.72 5.19
7 -9 545.63 -0.12
8 -10 612.80 1.98
9 7 0.49 137.53
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5. CONCLUSIONS



Fig.4. CS detection results under the normal condition at JEJU station.

Table 2. Cycle-Slip identification results under normal condition and
ionospheric storm.

Tonospheric storm Normal condition
PRN Ins(e:gted - Estimated float v,lidated Estimated float v jidated
feycle] [dee] CS[cycle]  integer ideg] CS[cycle]  integer
& AN, AN, CS|cycle] 8 AN, AN, CS|cycle]

(1,-2) 715 102 -197 (1,-2) 846 1.00 -1.99 (1,-2)
(1,-1) 910 102 -099 (1,-1) 1039 102 -101 (1,-1)
G21 (2,-3) 1102 199 -3.03 (2,-3) 1228 200 -301 (2,-3)
(2,-2) 12.89 202 -198 (2,-2) 1410 204 -197 (2,-2)
(3,-4) 1469 3.04 -396 (3,-4) 1584 3.00 -399 (3,-4)
(4,-5) 733 400 -499 (4,-5) 7.27 399 -496 (4,-5)
(4,3) 948 400 300 (4,3) 943 400 301 (4,3)
G23 (5,-7) 1167 500 -699 (5,-7) 1161 497 -7.02 (5-7)
(5,-6) 1387 499 -602 (5-6) 1381 501 -598 (5,-6)
(54) 1606 501 400 (54) 1600 499 400 (5,4)
(6,-8) 723 605 -7.97 (6,-8) 7.23 600 -8.00 (6,-8)
(6,-7) 933 600 -7.00 (6,-7) 933 599 -7.01 (6,-7)
G30 (7,-9) 1144 695 -904 (7,-9) 1144 701 -9.00 (7,-9)
(8,-10) 1355 801 -9.99 (8,-10) 13.56 8.00 -9.99 (8,-10)
(9,7) 1564 902 702 (9,7) 1564 901 7.00 (9,7)

AN, TS Aol &8 AE D AES A B HE
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Fig. 5. CS detection results under the ionospheric storm at JEJU station.
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