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(54) AUTONOMOUS NAVIGATION METHOD FOR MARS PROBE

(57) The invention provides an autonomous naviga-
tion method of Mars probe. The method comprises the
following steps: according to the position relationship of
the probe in the solar system, selecting the sun, the earth
and the sun, Mars as the observed objects, acquiring the
angle information, and establishing the position, velocity
and other navigation parameters with the extended Ka-
lman filter (EKF). The invention has the advantages of

simple principle and low system resource requirements;
it is a new method of autonomous celestial navigation of
the Mars probe. The method expands the spacecraft nav-
igation means, improves the navigation ability, and can
be directly applied to the future autonomous navigation
mission of Mars exploration in China; therefore, it has a
wide range of applications in the field of deep space ex-
ploration.
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Description

TECHNICAL FIELD

[0001] The invention relates to the technical field of celestial navigation in the Mars exploration cruise phase, in
particular to an autonomous navigation method of Mars probe.

BACKGROUND OF THE INVENTION

[0002] For the cruising flight in interplanetary space, the Mars probe has the characteristics of long flight distance,
many unknown factors of the flight environment, complex flight program, great probe-earth communication delay and
loss, etc. It puts forward higher requirements for the autonomous navigation ability.
[0003] Currently, the commonly used autonomous navigation method is mainly based on the optical navigation of
asteroids or Mars. However, for Mars exploration missions, the number of available navigation asteroids may not meet
the mission requirements due to the limited number of near-earth asteroid and the constraints of the observation screening
criteria. In addition, the ephemeris information of asteroids obtained through observation has large errors, so that the
navigation scheme meeting the navigation accuracy requirements cannot be obtained.

SUMMARY OF THE INVENTION

[0004] In view of the defects in the prior art, an object of the invention is to provide an autonomous navigation method
of Mars probe.
[0005] According to one aspect of the invention, an autonomous navigation method of Mars probe is provided, wherein
the method comprises the following steps:

(1) Taking the spatial position and velocity of the probe in the J2000 heliocentric-ecliptic inertial coordinate system
as the state vector X(t) of the navigation system, wherein the calculation formula of the vector X(t) is as follows: 

(2) In the heliocentric inertial coordinate system, determining the state equation: 

Where, w(t) represents state model noise;

(3) Obtaining the unit vectors  and  of the sun and Mars relative to the sight direction of the probe

through the navigation sensor and sun sensor;
(4) Taking the observed value Z for Rsp, and establishing an observation equation as follows: 

Where, the observation error is  

(5) Based on the state equation and the observation equation, selecting the filtering method based on the linearization
of the filter value to estimate the state, and obtaining the real-time navigation parameters of the Mars probe.

[0006] Preferably, in step (3), the observation models of the sun and Mars relative to the sight direction of the probe
are as follows: 
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[0007] Where, vps and vpm are the sight vector observation noise.
[0008] Preferably, in step (4), in the heliocentric inertial coordinate system, according to the geometric relationship of
the celestial sight vector: 

[0009] The position of the probe in the inertial system is as follows:

[0010] Compared with the prior art, the invention has the following beneficial effects:
The invention does not rely on ground radio information, only needs to get the images of the sun and Mars. Combined
with spacecraft attitude information, the autonomous navigation of spacecraft flight process can be realized; therefore,
the invention is a highly-independent new navigation method, which is simple and easy to operate. Meanwhile, compared
with the ground radio navigation method, the method of the invention has the obvious advantages and characteristics
of no delay.
[0011] The invention has the advantages of simple principle and novel method; therefore, it expands the spacecraft
navigation means to realize a real sense of spacecraft autonomous navigation, improves the navigation ability, and can
be directly applied to the future autonomous navigation mission of Mars exploration in China. Furthermore, it has a wide
range of applications in the field of deep space exploration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Other features, objects, and advantages of the invention will become more apparent from reading the description
of non-limiting embodiments detailed with reference to the following figures:
FIG. 1 is a schematic diagram of the method of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0013] The invention is described in detail as follows with reference to specific embodiments. The following embodi-
ments will help provide further understanding of the invention for those skilled in the art, and not in any way limit the
invention. It shall be noted that several variants and improvements can be made without departing from concept of the
invention for ordinary persons skilled in the art. All these fall within the protection scope of the invention.
[0014] The basic principle of the method is as follows: the spacecraft receives optical image signals from the sun and
Mars by relaying on the sun sensor and Mars sensor carried; according to the image processing algorithm, the celestial
sight vector parameters are calculated; combined with spacecraft attitude information and celestial ephemeris informa-
tion, the velocity parameters of the spacecraft are obtained, and the position parameters of the spacecraft are obtained
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by integrating.
[0015] As shown in FIG. 1, it is a schematic diagram of autonomous navigation in the Mars exploration cruise phase,
and the steps are as follows:

(1) Establishing a solar system inertial coordinate system OXYZ of the solar system, and selecting the spatial position
and velocity as the state vector of the navigation system.

(2) Establishing the state equation according to the satellite orbital dynamics equation.

(3) Obtaining the unit vectors  and  of the sun and Mars relative to the sight direction of the probe

through the navigation sensor and sun sensor.

(4) Establishing the observation equation according to the unit vectors  and  relative to the sight

direction obtained in step (3).

(5) Based on step (3) and step (4), selecting the filtering method based on the linearization of the filter value to
estimate the state, and obtaining the real-time navigation parameters of the Mars probe.

[0016] The detailed description of the method is as follows:

1. Taking the spatial position and velocity of the probe in the J2000 heliocentric-ecliptic inertial coordinate system
as the state vector X(t) of the navigation system, wherein it can be described as: 

2. Establishing the state equation according to the satellite orbital dynamics equation. In the Mars exploration cruise
phase, the effects of the celestial perturbation of the sun, the earth, Mars, etc., solar radiation pressure perturbation,
correction thrust of the probe and so on are mainly considered. In the heliocentric inertial coordinate system, the
general form is as follows: 

Thus, the orbital dynamics equation of the probe is expressed in the following general form 

Where, w(t) represents state model noise, which is generated treated by white Gaussian noise.

3. Obtaining the unit vectors  and  of the sun and Mars relative to the sight direction of the probe

through the navigation sensor and sun sensor, wherein the observation models are as follows: 
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4. Taking the observed value Z for Rsp, and establishing an observation equation as follows: 

 Ignoring the high-order small quantity in the observations, wherein the observation equation of the probe position
vector obtained from the sight information of the sun and Mars can be expressed as: 

Where, the observation error is  

5. For the navigation system with the above-mentioned state equation and the observation equation, selecting the
filtering method based on the linearization of the filter value to estimate the state, and obtaining the real-time
navigation parameters of the Mars probe.

[0017] Specific embodiments of the invention are described above. It shall be understood that the invention is not
limited to the above-mentioned specific embodiments, and those skilled in the art can make different variants and
modifications within the scope of the claims, and it shall not affect the substance of the invention.

Claims

1. An autonomous navigation method of Mars probe, wherein the method comprises the following steps:

(1) Taking the spatial position and velocity of the probe in the J2000 heliocentric-ecliptic inertial coordinate
system as the state vector X(t) of the navigation system, wherein the calculation formula of the vector X(t) is as
follows: 

(2) In the heliocentric inertial coordinate system, determining the state equation: 

Where, w(t) represents state model noise;
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(3) Obtaining the unit vectors  and  of the sun and Mars relative to the sight direction of the probe

through the navigation sensor and sun sensor;
(4) Taking the observed value Z for Rsp, and establishing an observation equation as follows: 

Where, the observation error is  

(5) Based on the state equation and the observation equation, selecting the filtering method based on the
linearization of the filter value to estimate the state, and obtaining the real-time navigation parameters of the
Mars probe.

2. The autonomous navigation method of Mars probe according to claim 1, wherein in step (3), the observation models
of the sun and Mars relative to the sight direction of the probe are as follows: 

Where, vps and vpm are the sight vector observation noise.

3. The autonomous navigation method of Mars probe according to claim 1, wherein in step (4), in the heliocentric
inertial coordinate system, according to the geometric relationship of the celestial sight vector: 

The position of the probe in the inertial system is as follows: 
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