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Because the accuracy of the existing airborne navigation is lacking in the polar region, it is difficult to ensure the safety and
reliability of the aircraft when it is flying over the polar region. +e integrated navigation system based on the inertial navigation
technology uses multi-information fusion to assist collaborative navigation and obtain an indirect grid navigation algorithm that
combines the azimuth navigation algorithm and the grid navigation algorithm to solve the existing problems. +is paper analyzes
the principle of the inertial navigation system in the polar region, the semiphysical simulation experiments are carried out by using
the navigation theory and the background engineering, and the accuracies of the integrated navigation system of the indirect grid
frame in the polar region and the integrated navigation system in the middle and low latitudes are consistent, which verifies the
feasibility and effectiveness of the SINS/CNS/GPS integrated navigation system in the polar region. In addition, the paper provides
the theoretical basis and the application of engineering to achieve the SINS/CNS/GPS integrated navigation system in the
polar region.

1. Introduction

+e exploration, cognition, development, protection, and
utilization of the polar region are a hallmark of the scientific
and technological power, and there is also the inevitability of
the right to speak for the development of global international
science.

Since the 1990s, China has substantively participated in
Arctic affairs, carried out extensive Arctic activities, and
become a major active country in the Arctic. Compared with
Russia, the United States, Canada, Denmark, Norway, and
other countries in the near Arctic region, the geographical
advantages of China in the Arctic routes and the Arctic
region are not significant, but the northern territory of China
is close to the polar region, the political and geographical
environment of the border is complex, and there are the local
disturbances constantly, so the patrol of boundary and space
defense need to be strengthened. Moreover, with the status
of China as a powerful country in science and technology,
the increasing of military strength, and the national defense
demand of China’s northernmost which is a high latitude

frontier, China urgently needs to increase its voice in the
development of polar resources. +e opening of the Arctic
route has an immeasurable impact on the economic and
military security of China’s northeast [1–3].

+e first white paper of Arctic policy, which was pub-
lished by the Information Office of the State Council on
January 26, 2018, points out that China is one of the
countries closest to the Arctic Circle on land, and it is a “near
Arctic country.” It also expounds the situation and changes
of the Arctic, the relationship between China and the Arctic,
the objectives and basic principles of China’s Arctic policy,
and the main policy propositions of China’s participation in
Arctic affairs [4, 5].

Yang [6] points out that Russia and Canada, which are
the two great Arctic powers, have the right of internal water
sovereignty of the Arctic waterway in law, while other
countries only have the right of innocent passage. Huang
and Yun [7] suggest that our government should make full
use of the status as an official observer of the Arctic Council,
actively participate in the international legislation of the
Arctic region, and promote the legal coordination with the
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Arctic Rim countries, so as to ensure the smooth passage of
the Arctic waterway. Guo and Hu [8] put forward the
corresponding countermeasures in the impact of the Arctic
waterway on the world strategic, the opportunities, and
challenges, and, in the paper, a variety of geopolitical
strategies are planned for reference or implementation in
dealing with the Arctic route disputes.

+e paper investigates and researches the application
requirements and suggestions of domestic inertial naviga-
tion system, it is agreed that the navigation in the polar
region is a basic technical bottleneck for China to move from
a big aviation country to a power aviation country, and it is
also an important technical for opening the safe passage of
polar air corridor. Based on the inertial navigation tech-
nology, the paper adopts multi-information fusion to assist
in collaborative navigation, analyzes and deduces the in-
direct grid frame of the integrated navigation system flying
over the polar region, and carries out the test of the sem-
iphysical simulation which has the relevant background
engineering to prove the support of engineering application
and ensure the safety and reliability of the aircraft flying over
the polar region.

2. The Problem of Navigation in the
Polar Region

Due to high latitude, high altitude, low temperature, low air
pressure, complex physical terrain, and complex climate
environment, the polar region is sparsely populated. +ere
are some problems with the reliability and safety of various
navigation equipment in the polar region when there are
investigation activities. +e accuracy of the inertial navi-
gation system often changes with changes of latitude and
elevation, especially that a nonpolar navigation cannot meet
the navigation requirements of the polar region. +ere are
two main problems:

(1) +e expression of nonpolar navigation parameters is
meaningless in polar navigation. Especially in the
north pole, all directions are south, which brings
about trouble to polar navigation.

(2) +e equipment of nonpolar navigation cannot meet
the requirements of the polar navigation. Due to the
magnetic field of the earth and the special astro-
nomical conditions in the polar region, the com-
munication and navigation of the conventional
situation are very different in the middle and low
latitudes, and the nonpolar navigation equipment is
unable to work normally in the polar region.

In the face of an intricate navigation environment of
the polar region, a safe and effective method of navigation
is urgently found in the polar region. Although the inertial
navigation system is considered the preferred autono-
mous navigation device in the polar region, the inertial
navigation system has the limitation of error accumula-
tion over time, and it is difficult to complete the high-
precision, long-time cruising function only by the inertial
navigation system.

3. The Integrated Navigation System of SINS/
CNS/GPS in the Polar Region

3.1. (e Principles of SINS/CNS/GPS. +e strapdown iner-
tial navigation system (SINS) is used as a public reference
system in SINS/CNS/GPS, and the global positioning
system (GPS) and the celestial navigation system (CNS)
are combined with SINS, respectively, to obtain the in-
tegrated navigation system of SINS/CNS/GPS. +e in-
formation is processed with two independent subfilters,
and then the output information of the subfilter is sent to
the main filter for information fusion to obtain an optimal
estimated value of the integrated error and the estimated
value is to be used to correct the SINS error in real time
[9–13]. +e integrated navigation system in the polar
region is shown in Figure 1.

3.2. (e Indirect Grid Inertial Navigation. To avoid the
convergence of heading reference in the polar region, the
longitude is drawn parallel to the Greenwich meridian on
the polar chart, and the azimuth of aircraft is also defined
relative to the Greenwich meridian and its parallel lines,
which is the indirect grid inertial navigation. However, the
indirect grid inertial navigation has its limitations; that is, it
cannot work normally near the equator. When the aircraft
flies over the global, it is necessary to adopt other algorithms
near the equator, so the oscillation will occur in the
switching process of different navigation algorithm [14, 15].
In order to solve the problem of oscillation, the paper
proposes an indirect grid inertial navigation algorithm that
combines the inertial of wandering azimuth with the grid
inertial algorithm.

3.2.1. (e Angle between the True North and the Grid North.
An angle between the true north and the grid north is set to
be σ. +e grid inertial system of point P is the horizontal
coordinate system [16, 17]. Geographic latitude is L, lon-
gitude is λ, and altitude is h. It is rotated around a grid
direction to obtain a conversion matrix between the grid
inertial system (G) and the geographic coordinate system
(g), as follows:
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⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
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sin σ cos σ 0
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⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
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⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦. (1)

Namely,

CG
g �

cos σ −sin σ 0

sin σ cos σ 0

0 0 1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦. (2)

+erefore, a transformation between the geocentric body
fixed coordinate system and the grid inertial system is
obtained:
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(3)

+e grid inertial system is recorded. Unit vectors are
(eGE, eGN, eGU). +e unit vectors of the geocentric body fixed
coordinate system are (eX, eY, eZ), with the definition of the
angle between the grid north and the true north. +e vectors
eGN

and eY are perpendicular to each other, so a relationship
where an inner product is zero is satisfied:

eGN · eY � 0, (4)

where eGN � sin σ cos σ 0 
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+en,
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sin σ and cos σ are put into CG
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. (6)
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Figure 1: +e integrated navigation system in the polar region.
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3.2.2. (e Transformation of Decoupling. In order to solve
the problem of oscillation, the paper proposes an indirect grid
inertial navigation algorithm that combines the inertial of
wandering azimuth with the grid inertial algorithm. +e
azimuth and the velocity of the wandering azimuth inertial
arrangement are projected to the geographic coordinate
system by the relationship between the wandering coordinate
system and the geographic coordinate system. +e velocity
and the azimuth of the wandering azimuth inertial ar-
rangement in the polar region are projected to the grid inertial
system by the relationship between the wandering azimuth
inertial system and the grid inertial system to obtain the
attitude information of the CNS, position information of the
GPS, and velocity position information of the GPS. +e
projection is carried out by two independent navigation
channels. One navigation channel executes the wandering
azimuth inertial arrangement, outputs relevant navigation
parameters in a nonpolar region, and does not output nav-
igation information in the polar region. +e other navigation
channel only performs the grid inertial arrangement when the
aircraft is in the polar region and performs decoupling
transformation of the wandering azimuth inertial arrange-
ment and the grid inertial arrangement. +e transformation
of decoupling between the wandering azimuth inertial system
and the grid inertial system is shown in Figure 2.

(1) +e update of attitude

_C
G

b � CG
b ω

b
Gb. (7)

+e navigation coordinate system is the grid inertial
system. It is assumed that ωGb is the attitude rate of
the aircraft from the navigation coordinate system to
the body coordinate system, and the following results
can be obtained:
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e
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(8)

Put in order
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e
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+e grid inertial system of the point P, where a body
of aircraft is located, is the horizontal coordinate
system. +erefore, the horizontal component of ωG

eG
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(11)

ωG
eGz can be obtained by the definition of grid inertial

system and the relationship with the geographical
coordinate system.

ωG
eGz � ωg

egz − _σ �
VE

RNh cos L
− _σ. (12)

It can be obtained from the equation
cos σ � (cos λ/

�������������
1 − cos2 L sin2 λ

√
).
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Figure 2: +e transformation of decoupling.
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(2) +e update of velocity
+e specific force equation of the grid inertial system
can be deduced by the specific force equation of the
navigation system.

_V
G

� fG
− 2ωG

ie + ωG
eG  × vG

+ gG
, (15)

where ωG
ie � CG

gω
g
ie �

cos σ −sin σ 0
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0 0 1

⎡⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎦

0
ωie cosL
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⎤⎥⎥⎥⎥⎥⎦
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0
0

−g

⎡⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎦.

(3) +e update of position

+e location information of longitude and latitude is
obtained by integration of cosine matrix differential equa-
tion of position, and the ECEF coordinates are used to
represent the real-time position of the aircraft in the high
latitude.

_x

_y

_z

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ � C
e
Gv

G
� C

e
G

vGE

vGN

vGU

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦. (16)

According to the navigation information of the polar
region, if the aircraft is in the polar region, the information of
the wandering azimuth inertial system is no longer output,
and the polar grid navigation starts to work and outputs the
navigation information. If the aircraft exits the polar region,
the polar grid navigation stops working, and the information
of the wandering azimuth inertial system continues to be
output. +e indirect grid inertial navigation can avoid the
error of navigation caused by switching between the wan-
dering azimuth navigation and the polar navigation and
realize the unification of kernel and external form of navi-
gation parameters in high latitude and low latitude.

3.2.3. (e Information Fusion of the Integrated Navigation
System in Polar Region. According to the characteristics of
the integrated navigation system of SINS/GPS/CNS in the
polar region, the principle of the decentralized federal fil-
tering method is analyzed. SINS is used as a main system for
output navigation parameter, and the information of CNS
and GPS is used to assist in correcting various parameters of
SINS to obtain a global optimal estimate value of SINS and
then correct the error of the SINS in real time. +e structure
of no-resetting federated Kalman filter is adopted in the
integrated navigation system of SINS/GPS/CNS. +e design
of subfilter is shown in [18, 19], the local optimal estimated
value of public state of SINS/GPS is XG, the corresponding
estimated mean square error is PG, the local optimal esti-
mated value of public state of SINS/CNS is XC, and the
corresponding estimated mean square error is PC. Herein,
according to the federal filter of global information fusion
without resetting, the global optimal estimate of public state
of SINS/GPS/CNS can be obtained as X and the error of
estimated mean square is as follows:

P � P−1
G + P−1

C 
− 1

,

X � P P−1
G

XG + P−1
C

XC .

⎧⎪⎨

⎪⎩
(17)

After the global optimal estimate of SINS is obtained, the
error of SINS is corrected in real time, and finally the output
of SINS where the error is corrected is used as the output of
the integrated navigation system of SINS/GPS/CNS.

(1)(e Simulation of Integrated Navigation System of
SINS/GPS/CNS in the Polar Region: +e state space model
and the measurement model of the integrated navigation
system of SINS/CNS/GPS are established with the indi-
rect grid navigation framework. To solve the test of the
integrated navigation in the polar region, a method of
combining the engineering prototype and simulation is
used to verify the effectiveness of the integrated navi-
gation system of SINS/CNS/GPS based on the indirect
grid frame in low and middle latitudes [20, 21]. +e
simulator of inertial navigation in the polar region is
shown in Figure 3.

Further improvement lies in the following: the simula-
tion test is conducted by an inertial navigation simulator of
the polar region. +e simulation of the SINS/GPS/CNS
integrated navigation system in the polar region is set to fly
for 8 h. +e calculation period of SINS is 20ms. +e data
update periods of GPS and CNS are both 1 s.

+e error of initial horizontal alignment of SINS is set to
5′, the error of azimuth alignment is 10′, the error of initial
velocity is 0.1m/s, the error of initial position is 30m, the
drift of gyro is 0.01°/h, and the random walk is 0.01°/h. +e
drift of accelerometer is 50 ug, and the random walk is
10− 5g ·

�
s

√
. +e positioning accuracy of GPS is 25m, and the

error of measurement velocity is 0.1m/s. +e measurement
accuracy of CCD along three axes is 10″, and the errors of
installation along the three axes x, y, and z of the aircraft are
1′, 1′, and 1.5′. +e simulation results are as follows.

It can be seen from Figure 4(f) that the installation error
of the satellite tracker cannot be an estimated value when the
aircraft is in static condition from 0 to 605 s, the installation
error angles of Y and Z directions converge rapidly when the
aircraft climbed in 635∼750 s, and the installation error
angles in X direction converge rapidly when the aircraft have
a right turn from 800 to 830 s. Accordingly, the platform
misalignment angle (Figure 4(a)) cannot be estimated in the
stationary of the aircraft. In this stage, the error of mis-
alignment angle depends on the installation error of the star
tracker. When the estimation of the installation error
converges, the misalignment angle also converges, and the
error of convergence is less than 1′.

+e error of velocity (Figure 4(b)) and the error of
position (Figure 4(c)) in the static condition are larger, and
the error of velocity and the error of position also show the
form of Schuler oscillation after the convergence of mis-
alignment angle. With the bias of gyro (Figure 4(d)) and the
bias of accelerometer (Figure 4(e)) gradually estimated, the
amplitude error of position and velocity error of the inte-
grated navigation system will gradually decrease.
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The visual display of polar
flight trajectory

Figure 3: +e simulator of inertial navigation in the polar region.
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4. Conclusion

In view of the special geographical environment of “two
high, two low, and three complex” in the polar region, it is
difficult to locate and orient the aircraft when it is flying over
the polar region, and it is easy to fail and get lost, but only the
inertial navigation system cannot meet the accuracy re-
quirements of global flight navigation. In this paper, based
on the inertial navigation technology, multi-information
fusion assisted cooperative navigation is used for analysis
and deduction, the integrated navigation system based on
the indirect grid framework is formed, and the semi-
simulation evaluation is carried out on the platform of
engineering models. +e simulation results show that the
accuracy of the integrated navigation system of SINS/GPS/
CNS in polar region is consistent with that of the integrated
navigation system of SINS/GPS/CNS in low latitude. +e
model of integrated navigation system of INS/GPS/CNS in
polar region can be optimized and improved, and its nav-
igation accuracy can be evaluated, which can provide the
technology of engineering application, ensure the safety and
reliability of aircraft flying over the polar region, and ensure
the right of China to explore protection, development, and
utilization in polar region.
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