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Earth Coordinate Frame in Polar Region
ZHANG Jia-jia, BIAN Hong-wei, WANG Rong-ying, MA Heng
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Abstract: In polar regions,the convergence speed of the longitude is accelerated and concentrated at
the pole, which makes the heading lose the reference datum and the positioning error increase
sharply. Combined with the demand for navigation accuracy during the polar region navigation, a
kind of SINS/GNSS integrated navigation scheme based on the earth coordinate frame in polar re-
gion is proposed. The definition of the transversal coordinate frame based on the Earth ellipsoid
model and the conversion relationship with the earth coordinate frame are given. The SINS/GNSS
integrated navigation algorithm in the earth coordinate frame is designed. Finally, the navigation
results in the earth coordinate frame are converted to the horizontal transversal coordinate frame.
The simulation results show that the navigation error of this scheme converges rapidly. During the
simulation time of 1800 seconds, the attitude accuracy reaches 0. 4". The positioning accuracy rea-
ches 2m and the velocity accuracy reaches 0. 02m/s. The positioning and heading accuracy is better
than the integrated navigation method in the transversal geographic coordinate frame, and
providing stable navigation information to the carrier as it passes through the pole.
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Fig. 1 The transversal coordinate frame based

on the earth ellipsoid model
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Fig. 2 Schematic diagram of SINS/GNSS integrated

navigation system
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Fig. 3 Comparison of transverse position errors
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Fig. 4 Comparison of transverse velocity errors
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Fig. 5 Comparison of transverse attitude errors

¢

1)

D

¢

i 8l 3~ & 5 Al 5,76 1800s B4 E K N,
Folr 25 5 L 7 3k i 0 B ) b 3 AR BR R T B R A
R TR SRR . BT b ER A AR R
9 SINS/GNSS # [X 2H 5 5 it 7 1% 1 8 1] 2 o7 1 22
AR 2m, B ) B B R 25 RN 0. 02m/s, A K
FEILF] 0.4", fE 1100s 247 i W s i, &% S M5
BARERE, R tofaE. HhsRBir R T
FR 2 A S AT O 9 A5 2 B9 07 BRI 10 RS B O T AR 1
AR R T AL A R, B s B
TNASSE o 3 S DR A A X3 1R P b R 3% 1 78 4
K ANREAR L Hb 5 b BR A BRABE Y Wy 45, T M BR AR B
RN WA MU V5 B T Ml Bk R R L B
B R HURE R . T LUE AR SO ST R 4l
A TR G RE A B I X IR T B TR S
15 22 it Fsf 1] FH 3R ) [R) AL, i J A DX A AT A M 1 7 3K

5 #Hig

AR SCHIFGE T — i e F M BR A B R G X SINS/
GNSS 45 SR L TR A bs R i 3L,

S %k

(1] k. BHESMCE 2 BOIM]. dbat. B2E iR
i, 2014.
Qin Yongyuan. Inertial navigation ( Second Edition)
[M]. Beijing: Science Press, 2014 (in Chinese).

[2] wsh. BUESMASEHARIMI] Jbu. HHER%AD
At 2012.
Gao Zhongyu. Inertial navigation system technologyl M.
Beijing: Tsinghua University Press, 2012(in Chinese).

(3] Zff, oML, FBEFE, 5. BEAR RIS R M
K e BT RE LB ER TH A, 2014,
36(12): 2496-2503.
Li Qian, Sun Feng, Ben Yueyang, et al. Transversal
strapdown INS and damping design in polar region
[J]. Systems Engineering and Electronics, 2014, 36
(12): 2496-2503(in Chinese).

C4] skfmuk, S, EFME. STR AR R TR R
MR/ ZE M E OB X A& M n]. &1
4. 2016, 37(7): 1229-1235.
Zhang Fubin, Ma Peng, Wang Zhihui. SINS/DVL
integrated navigation algorithm based on transversal
coordinate frame in polar region[J]. Acta Armamen-
tarii, 2016, 37(7): 1229-1235(in Chinese).

(5] FBE, Zokoo, M8, % . KRHUR XA/ K 30
HESMEELT] RETHRSH FHAR, 2013, 35
(12): 2559-2565.
Zhou Qi, Qin Yongyuan, Yan Gongmin, et al. Stel-
lar-inertial navigation for transpolar large aircraft[ ] ].
Systems Engineering & Electronics, 2013, 35(12):
2559-2565(in Chinese).

L6 Xisch, WSk, Tma. 4. 75 INS/GPS 4
EMUE AR M X g R LT, kO SR E
2013, 38(2): 69-71.
Liu Wenchao, Tan Zhiyang, Bian Hongwei, et al.
Application of wander azimuth INS/GPS integrated
navigation in polar region[J]. Fire Control & Com-
mand Control, 2013, 38(2): 69-71(in Chinese).

[7] Song L., Zhao W, Chen X, et al. Based on grid refer-



88

ALE £ 5

2020 4E 7 H

[8]

(9]

[10]

ence frame for SINS/CNS integrated navigation sys-
tem in the polar regions[J]. Complexity, 2019(3):
1-8.

Yan Z, Wang L., Zhang W, et al. Polar grid naviga-
tion algorithm for unmanned underwater vehicles[ ] ].
Sensors, 2017, 17(7): 1599.

R RO X % ST INS/GNSS B4
A G 12 B 7 S AR IR A I Sk TR [T, S L
LR, 2019, 6(1); 7-13.

Wu Zhijia, Wu Wengi, Liu Ke, et al. Research on al-
gorithm of gradually induced spoofing detection based
on tightly coupled INS/GNSS integration[ J]. Naviga-
tion Positioning and Timing, 2019, 6 (1). 7-13 (in
Chinese).

LA, A, MRZEAE . b sk /MR A L
R ZE R (T]. SALE L 5 A, 2018, 5
(5): 27-31.

Wang Ancheng, Li Jiansheng, Lin Yigi. Research on

[11]

[12]

[13]

[14]

velocity error of the BDS/IMU deeply-coupled re-
ceiver[ J]. Navigation Positioning and Timing, 2018,
5(5): 27-31(in Chinese).

Wei M, Schwarz K P. A strapdown inertial algorithm
using an earth-fixed cartesian frame[]J]. Navigation,
1990, 37(2): 153-167.

Britting K R.
[M]. Wiley-Interscience, 1971.

Inertial navigation systems analysis

National Imagery and Mapping Agency. Department
of defense world geodetic system 1984 ( Third Edi-
tion)[R]. NIMA TR8350. 2, 2000.

Groves P D. GNSS 5#iM: k Z G EAGH A S MRS
JRBELCE 2 OM]. dbat . BB Tk i, 2015.
Groves P D. Principles of GNSS, inertial, and multi-
sensor integrated navigation systems(Second Edition)
[M]. Beijing: National Defense Industry Press, 2015

(in Chinese).



