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Abstract A method to calculate the Total Electron Content (TEC) of the global ionosphere is
proposed based on the Automatic Identification System (AIS) for ships on board. Specifically, The
Faraday rotation angle of AIS signal passing through the ionosphere is measured by carrying two
mutually perpendicular linearly polarized antennas on the satellite, and then estimate TEC by the
relationship between the Faraday rotation angle and the TEC. The experimental validation based on the
AIS data from Tiantuo V satellite is carried out, and the effects of hardware equipment errors and

observation parameter errors on the results are analyzed. Experiments show that the difference between
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the TEC value measured by the method and by the Global Positioning System (GPS) is 0.762 TECU on

average, which proves the feasibility of this method. Compared with the existing TEC measurement

methods, this method only needs to use the existing AIS system without deploying ground stations,

which can significantly improve the data update rate.

Space-based AIS, Faraday rotation angle, TEC, Satellite
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Distribution of ships based on the AIS data received on the Tiantuo V satellite on 23 August 2020
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AIS message information decoded by the two receivers of Tiantuo V satellite

on 23 August 2020 in the database

Originaltime Type Power MMSI Longitude = Latitude

2020/8/23 459 Al 0B-DC 477108800 -128.391 -16.6282
2020/8/23 459 AD 01-72 477108800 -128.3916 -16.6285
2020/8/23 459 AD 11-BE 477108800 -128.3928 -16.6291
2020/8/23 5.00 A1 02-F3 477108800 -128.3945 -16.63
2020/8/23 5:00 A0 09-B7 477108800 -128.3951 -16.6302
2020/8/23 5.00 AO 01-C4 477108800 -128.3963 -16.6308
2020/8/23 5.00 A1 00-84 477108800 -128.3968 -16.631
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Fig. 8
machine of Tiantuo V on 23 August 2020
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62637, Originaltime Type Power MMSI Longitude | Latitude

62638| 2020/8/23 459 BO 09-D5 477108800 -128.3928 -16.6291
62639| 2020/8/23 4:59 B1 04-FE 477108800 -128.3933 -16.6294
62640| 2020/8/23 459 BO 04-100 477108800 -128.394 -16.6297
62641| 2020/8/23 5.00 B1 09-E3 477108800 -128.3945 -16.63
62642| 2020/8/23 5:00 BO 08-D5 477108800 -128.3951 -16.6302
62643| 2020/8/23 5:00 B1 00-6C 477108800 -128.3968 -16.631
62644| 2020/8/23 5.00 BO 01-81 477108800 -128.3975 -16.6313
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Fig. 9  AIS message information decoded by B

machine of Tiantuo V on 23 August 2020
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Omni-directional pattern of dual AIS antennas (The left side of the figure is the pattern of

AIS Antenna 1, and the right side is the pattern of AIS Antenna 2 )
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Fig. 11  TEC distribution of CODE at 05:00 UT on 23 August 2020
#1 ZA5%5 CODE 8 TEC {ExfEE

Table 1 Comparison of TEC value by this method and CODE
Fik A (UT) Wi E /T LR LB AR R e AR/ (°) TEC/TECU
BN 05:00:00 1.5535 x 10~3 (15.73°S, 123.06°W) 73.7559 9.2052
CODE 05:00:00 — (15.73°S, 123.06°W) - 9.1083
BN 05:00:03 1.8379 x 10~° (15.76°S, 123.79°W) 84.5386 8.9128
CODE 05:00:03 — (15.76°S, 123.79°W) — 9.2120
ATk 05:00:08 1.8408 x 10~° (15.50°S, 123.81°W) 99.4584 10.4760
CODE 05:00:08 — (15.50°S, 123.81°W) — 9.3140
AT 04:59:58 1.8168 x 10~° (15.97°S, 123.71°W) 83.1421 8.8674
CODE 04:59:58 — (15.97°S, 123.71°W) - 9.1265
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SR 1
Fik B (UT) Wi /T SR B AR AR B/ (°) TEC/TECU
ATr i 04:59:55 1.8422 x 107° (15.91°8, 123.77°W) 87.9944 9.2616
CODE 04:59:55 — (15.91°S, 123.77°W) — 9.1937
ATr ik 06:00:04 — 3.3630 x 1077 (30.76°S, 31.63°E) 84.4790 4.8706
CODE 06:00:04 — (30.76°S, 31.63°E) — 4.8267
ENYIRvS 05:59:59 — 3.2258 x 1070 (30.54°S, 31.67°E) 84.1913 5.0604
CODE 05:59:59 — (30.54°S, 31.67°E) — 4.8901
BN 06:00:01 — 4.4421 x 107 (30.58°S, 34.98°E) 109.2740 4.7696
CODE 06:00:01 — (30.58°S, 34.98°E) — 5.3581
ATk 06:00:00 — 4.5150 x 107> (31.85°S, 34.68°E) 99.8255 4.2841
CODE 06:00:00 — (31.85°S, 34.68°E) — 5.0065
ENYTRR 05:54:16 1.5267 x 1077 (10.82°S, 45.16°E) 87.7469 11.1440
CODE 05:54:16 — (10.82°S, 45.16°E) — 11.7851
ENYIRVS 05:53:39 1.6164 x 107 (8.84°S, 45.33°E) 90.7516 10.8190
CODE 05:53:39 — (8.84°S, 45.33°E) — 12.2485
BN 05:52:44 1.2077 x 1073 (5.39°S, 44.53°E) 90.4933 14.5290
CODE 05:52:44 — (5.39°S, 44.53°E) - 12.7368
ATk 05:52:32 1.6347 x 1073 (4.36°S, 45.21°E) 98.7884 11.7170
CODE 05:52:32 — (4.36°S, 45.21°E) — 12.9979
KI5k 05:51:55 1.7622 x 1077 (1.99°S, 45.50°F) 115.5008 12.7080
CODE 05:51:55 — (1.99°S, 45.50°E) — 13.3356
ATr ik 05:32:02 2.5009 x 1077 (68.90°N, 58.05°E) 92.5313 7.1737
CODE 05:32:02 — (68.90°N, 58.05°E) — 7.4917
ENyiRS 05:32:00 2.4395 x 107° (67.54°N, 56.38°E) 108.8953 8.6543
CODE 05:32:00 — (67.54°N, 56.38°E) — 7.6025
ENyiRS 05:31:56 2.5113 x 10~° (69.35°N, 59.29°E) 87.8939 6.7860
CODE 05:31:56 — (69.35°N, 59.29°E) — 7.4290
ATk 10:02:41 3.2143 x 107° (54.66°N, 155.21°E) 110.3466 6.6562
CODE 10:02:41 — (54.66°N, 155.21°E) — 7.8275
ATk 10:02:58 3.6254 x 1077 (56.34°N, 152.97°E) 109.2740 6.3535
CODE 10:02:58 — (56.34°N, 152.97°E) — 7.7258
ENY;S 10:03:34 3.3470 x 1075 (58.46°N, 153.22°E) 103.8324 6.0112
CODE 10:03:34 — (58.46°N, 153.22°E) — 7.5037

5T AT IR TEC (55 CODE #1444 TEC
HAXT L

TEIX 20 ZH R X e, A3 J7 %5 CODE 1Y
TEC {8 £ K H % 1.7922 TECU, fiz /M % 0.0439
TECU, “¥-¥J TEC 218~ 0.7620 TECU, brifE2 N
0.5309.

PR T —FMREE R R ALS Bl L8 TEC MY

Jiik o SERAIE, %7 =R TEC {5 CODE &
it ) TEC {4 F ¥4 22 0.762 TECU, i F 1% 45 (1)
TEC I 1 7 i 75 2350 8 45 22 b 1o ol 1) 1) 3, LA TG
T L AT B
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