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Abstract: Celestial bodies monitoring involved a large number of spatio-temporal information. It is the main 
challenges in this field. This article abandoned the traditional way of area monitoring, used the latitude and 
longitude monitoring methods to solve this problem. During the study, we proposed the idea that used latitude 
and longitude of the projection area to cover the area under the track area. Given two theorems, and proofed. 
Then, constructed celestial trajectory monitoring model. Verify the rationality of the model by “Chang’e 1” 
satellite data. It provides new solution ideas for spatio-temporal data acquisition of celestial bodies.  
Copyright © 2013 IFSA. 
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1. Introduction 
 

With the development of spatio-temporal 
database, more and more applications based on 
spatio-temporal data have produced (Such as mobile 
phone location, vehicle monitoring system, wildlife 
monitoring [1], business activity [2] etc.). Celestial 
monitoring is a typical application of temporal data, 
because it contains a large number of objects type 
(various stars, planets, nebulae, and various man-
made aircraft) and their evolution. At the same time, 
the Earth's rotation and celestial body self-influence 
lead to huge amount of data collection requirements. 
On time monitoring required monitoring stations 
placed throughout the world. But celestial 
information collection requires expensive equipment, 

so the number of stations and the control station 
layout issues are particularly important, and this is 
why we have to discuss how to make the entire 
layout minimum number of monitoring stations. It is 
one of spatio-temporal database research priorities 
that establishing an effective data acquisition to 
improve retrieval efficiency. So it’s important to 
build data collection model to various types of space-
time queries on the observation of celestial bodies. 

In particular, monitoring the planet, involving a 
large number of spatio-temporal information we have 
to consider how to reduce the cost of monitoring 
model, while gathering information to achieve the 
desired effect. The earth, for example, scientists have 
done a lot of research work. Yuanbo Liu provides the 
Quantifying variability of satellite data in the 
reflective band for long-term monitoring of the 
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earth's surface [3]. Ranga Raju Vatsavai provides the 
continuous biomass monitoring system [4]. Tao Yang 
is for changes of global terrestrial water storage [5]. 
Daniela Stroppiana is for environmental monitoring 
at continental scale [6]. Alexander P. Trishchenko, 
provides satellite system on a highly elliptical 
orbit [7]. M.D. Ibrahim, is for Satellite water quality 
monitoring validation [8]. Jonathan Weber towards 
efficient satellite image time series analysis [9]. Lei 
Wang research on spatiotemporal segmentation of 
spaceborne passive microwave data [10]. 
H. Asanuma [11], H. Taubenböck [12], Alexander 
P. Trishchenko [13], M. A. Zoran [14] are all the 
corresponding work for spatio-temporal data 
collection. We intend to work for the information 
collection of planet on the basis of predecessors. It is 
the main challenges to provide a more macro  
data acquisition solutions, and build the  
appropriate model. 
 
 
2. Celestial Orbit Analysis 
 
2.1. Classification 
 

We found celestial orbiting have different ways. It 
can be divided into the following categories: 

1. Orbit inclination is zero. The orbital plane 
coincides with the equatorial plane of Earth's orbit 
called "equatorial orbit". In this case, the celestial 
bodies relative to the Earth 's orbit is a circle, we may 
consider the issue in a plane. 

2. Celestial bodies operating cycle is the same 
with the Earth's rotation period. They are all 24 
hours, this track is called "geosynchronous". On the 
ground view, celestial bodies are relatively static. In 
this case, we only need monitoring stations which can 
be real-time tracking observation. 

3. The satellite 's orbit inclination of 90 °. The 
Earth's orbital plane through north and south poles, 
this track is called "polar orbiting". The celestial 
bodies will appear on the ground anywhere. We can 
just consider the whole sky coverage on  
a certain height. 

4. The celestial orbit and the Earth's equatorial 
plane as a fixed acute angle. The celestial bodies are 
the most common, and its trajectory is also more 
complicated, it is this question focuses  
on the situation. 
 
 
2.2. Approximately Elliptical in a Circular 

Orbit Analysis 
 

When the speed of celestial body is just as the 
first cosmic speed, the track is perfect circle. When 
the speed of celestial body is between 1 and  
2 cosmic speed, the orbit is elliptical. When thinking 
about the sun, moon and other celestial bodies 
gravitational effects, therefore, strictly speaking, all 

the celestial bodies and spacecraft's orbit is elliptical, 
and the earth is one of focus. 

In elliptical orbits, it’s need to take into account 
the different flight path in the same elevation of the 
ground-based observations in Fig. 1. 
 
 
 

 
 

Fig. 1. Satellite orbit. 
 
 

So that the arrangement of the site, we must take 
into account the distribution of the stations are not 
equidistant conditions appear optimal solution. 
However, if you think about the case of the Earth's 
rotation. Earth's rotation period is 24 hours,  
but common ground satellite cycle of about  
103-120 minutes or so. In comparison, they are quite 
different. When the Satellites are around the earth, 
the earth has only minor changes. If the observations 
are not equally spaced standing on the Earth's 
surface, it is bound to be monitoring blind spots. 

Even if the direction of the Earth's rotation and 
orbit are not coplanar, the period should also be a 
trigonometric function with Earth's rotation period. It 
must be more than 24 hours, so they are still  
far away. 

In summary, in the conventional case, if we need 
to implement process monitoring, monitoring stations 
must be evenly distributed. And the perigee of the 
celestial body is the minimum. Then, we can achieve 
monitoring without blind spots. In this way, we can 
approximate the elliptical orbit into a geocentric 
circle, the radius are the center of the earth  
to satellite perigee. 
 
 
2.3. Formula of Observations Range 
 

The observation of monitoring station has a 
certain range. Shown in Fig. 2. 

C is a monitoring station, D is the celestial body. 
 is the minimum elevation angle or blind angle, 

which is 3 degrees.   is the geocentric angle, r is 

the geocentric distance of the celestial body, EL is 

the radius of the ground effect. Then the observations 
range of ground station is calculated as: 

 
 θ＝90°- -arcsin (REcos /(RE+H), (1) 
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  )/cosarcsin(90 HRR EE
o   (2) 

 
 



 
 

Fig. 2. Observations range of ground station. 
 
 
3. Model Analysis 
 
3.1. Simplify the Problem 
 

This question should observe a trajectory of a 
celestial body, which running on the sphere with the 
height is S from the ground monitoring station. The 
monitoring range is a cone, which monitoring station 
is the vertex. Then, we should find a way to fill the 
entire running track by cross-section of cone and 
sphere S. So the research question becomes a 
simulated ball filled problem. 

We consider that the Earth and sphere S has the 
center of the sphere. The sphere S mapped to the 
same earth. At the same time, with the concepts of 
latitude and longitude of the earth, we can simplify 
the problem. In other words, in the all the tracks on 
the sphere S, we consider by the projectors in the 
earth. They are the same. So, we need to introduce 
the following definitions. 
 
 

B

b

A

a

Earth

Sphere S

A’

a’

 
 

Fig. 3. Auxiliary graph. 
 
 

Definition 1: “a” is the downward-facing viewing 
geometry of an orbiting celestial body “A” on the 
earth's surface, which we called it nadir. 

Definition 2: Operation of the celestial body 
process from “A” to “A'”, the chronological 

connection of the nadir “aa'”, we called it  
the nadir track. 

Definition 3: So, the area “B” is the observations 
on the sphere S. Its projection “b”, called projection 
observation area (POA). 

According to above definition, we can solve the 
problem of sphere S by transferring to the surface of 
the Earth. 

When the model to be solved by transferring to 
the earth, we calculated by latitude and longitude, but 
the three-dimensional spherical solution is too 
complex. If there are projection transformations, 
which can put all the three-dimensional problem to 
two-dimensional problem, then it would be relatively 
easy to solve. 

By test more times, Mercator projection is the 
best way [15]. 
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3.2. Nadir Trajectory Analysis 
 

With Mercator projection, the earth could be 
turned into two-dimensional plane rectangular 
coordinates. Then, projected the trajectory of a 
celestial body and the range of a single monitoring 
station observations onto the plane-rectangular 
coordinate system, you can fill the form to complete 
the trajectory of celestial body monitored by a single 
monitoring station. 

First, we ignore the rotation of the earth, and 
through two extreme ways to draw the astronomical 
orbit. For example, when it is polar orbiting satellites, 
satellite ground track corresponds to the equator line 
for doing a simple harmonic motion; when the 
satellite is equatorial orbit satellites, satellite ground 
track is equivalent to a straight line along the equator. 

Therefore, when the astronomical orbit has a 
certain angle to the equator, the two movements can 
be considered, i.e., in simple harmonic motion axes 
plus linear motion. So we can know of the ground 
track is a sine curve, shown in Fig. 4. 

With the Earth's rotation, the starting point for 
each celestial body operation there will be some 
differences in longitude. For the right of Fig. 4, it is 
equivalent to the sine curve move a fixed distance 
(left or right) along the rectangle. Fig. 5 are GPS 
satellites operating in multiple cycles nadir trajectory 
effect [16]. It can be seen that the nadir track can be 
approximated as a central axis of the equator 
rectangle, when the celestial body repeated after 
exercise. 

Then, what we want to consider is some 
parameters of this rectangle. After the projection, 
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distance will be deformed, the parameters are 
represented by latitude and longitude. We can clearly 
get that the length of the rectangle includes all the 
longitude from east to west. It’s 360 degrees. When 
talking about the width, the rectangle can be seen as a 
thing that the center is the equator, symmetrical on 
both sides. From Fig. 4, we can find the angle 
between astronomical orbit plane and the equatorial 
plane is the nadir latitude. So the nadir track width of 
the rectangle should be 2  ( is the angle between 
the astronomical orbital plane and the  
equatorial plane). 

 

 

 
 

Fig. 4. Single nadir track. 

 

 

 
 

Fig. 5. Nadir trajectories. 

 

 

4. Model Construction 
 
4.1. Theoretical Foundation 
 

By the 3.1 and 3.2, we conducted Earth and nadir 
trajectory with latitude and longitude. Now, we 
simply expressed the covered observation area of 
POA as latitude and longitude. Using POA to 
completely fill the rectangle observation area (nadir 
track), you can get the full trajectory of monitoring. 

However, due to the distribution of latitude and 
longitude are not the same on Earth's surface, and the 
POA is the same area. So we must first solve the 
observation area of the projection cross latitude 
problems. 

Theorem 1: Latitude spans theory. Projection 
observation area on Earth took a region spanned by 
latitude region [   , ], is the latitude of 

the center of POA(C).  is half the geocentric 
elevation, shown in Fig. 6. 

c
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Fig. 6. Latitude spans. 
 
 

Proof: 
Because the projection of the earth observation 

area in the vertical section is an arc segment (acb), 
We have known the latitude of point C as  . Then, 
calculated the value of latitude of a and b, we can get 
the value of its latitude across values. 

On a vertical cross section which through the 
center of the earth. Od is the equatorial radius, the 
latitude of point a is degrees of aod. 

Since the latitude of point C as  , aoc is  , 

then aod = aoc + cod =   . The same 

reason bod = cod -cob =   . 
Theorem 2: Longitude spans theory. Projection 

observation area on Earth took a region spanned by 
longitude region [ YY   , ], where 

)))cos(sincos(arcsin/arcsin(sin  Y ,   is 

the longitude of the center of POA(C),  is the 

latitude of the center of POA(C).  is half the 
geocentric elevation, shown in Fig. 7. 

 

 

 
 

Fig. 7 (a). Longitude spans. 

 

 
Proof: 
As shown in Fig. 7(a), point C is the center of the 

projection observation area, O is Geocentric. In the 
circle OABC, the projection maximum longitude is 
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from A to B. The length of AB is sin2R , A and 
B on the weft coil O1E. 

Because weft coil O1E parallel to the equator, as 
shown in Fig. 7(b), the length of OO2 is cosR . 
We obtained the relationship by the length of O2G: 
O2G=  sinsin*cos RR  . 

Then, the longitude of A and B is 
)cos*arcsin(sin   , O1E= O1A ＝ O1B= 

= cosR . 
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Fig. 7 (b). Longitude spans. 

 

 
Assuming longitude range is Y , in the triangle 

O1AB, AB/2O1A＝ Ysin . 
YRR sincos/sin   

)))cos*(sincos(arcsin/arcsin(sin Y  so 

the longitude spans [ ,Y Y   ]. 

In this way, we can find the range of POA 
spanned( latitude and longitude) at any point on 
Earth. In the normal case of no deformation, the ratio 
is 0.785 that a circle with a tangent square. According 
to Mercator projection transformation, the projector 
closer to square. So we can be approximated by a 
rectangle instead of observing the projection area in 
little excessive errors. 

Then, the rectangular of POA: 
length: Y2 , width: 2  

 

 
4.2. Celestial Tracking Model 

 
We got two rectangular areas in the process of 

POA and nadir trajectory. If it is to achieve spatio-
temporal data acquisition in real time, the projector 
will have to cover the whole observation area nadir 
track area. According to the actual situation analysis, 
if b is the width of POA, L is the width of nadir track, 
we get the following two ways. 

1. nbLbn 2)12(   ( n  is natural number), 

this mode is that the equator as the center, 
symmetrical arrangement covering, shown in Fig. 8. 

 

 

 
 

Fig. 8. nbLbn 2)12(   ( n is the natural number). 

 

 

2. bnLnb )12(2   ( n  is natural number) 

this mode is that the equator observation area through 
a center axis of the projection row, symmetrical 
arrangement covering, shown in Fig. 9. 

 

 

 
 

Fig. 9. bnLnb )12(2   ( n is natural number). 

 

 

5. Model Validation 
 

To test the model validation, we selected the 
satellite which has the most complex spatio-temporal 
data to test. 

“Chang’e 1” was an unmanned Chinese lunar-
orbiting spacecraft, part of the first phase of the 
Chinese Lunar Exploration Program. 

As the Earth's rotation, no one monitoring stations 
on earth is able to carry out continuous observation of 
the lunar probe. Theoretically, monitoring stations 
only continuous observation eight hours a day, for the 
lunar probe, the dorsal region due to the month cause 
signal interruption, communications will be less. To 
ensure the lunar orbit and the earth-moon transfer 
orbit 24 hours of continuous observation, it must be 
laid at least three stations in the world, which 
longitude apart o120 . As the special position of the 
Earth, the moon and the sun, the angle between the 
Earth's equator and the Moon White Road is o35.28 . 
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Therefore, the latitude of monitoring station, must be 
more than o29 . 

Based on the Celestial Tracking Model, when the 
height of orbit reached 40000KM, the monitoring 
station cover o158 . Two of the ground-based 

monitoring stations covering less than o360 . 
Therefore, it requires at least three monitoring 
stations to meet the satellite tracking. 

In China, we chose two monitoring stations. 
Kashi (latitude o48.39 , longitude o03.76 ) in western 

and Qingdao (latitude o50.34 , longitude o50.109 ) in 
eastern. And, in Chile, we added the CEE monitoring 
stations (latitude o81.34 , longitude o91.74 ), 
shown in Fig. 10. 
 
 

 
 

Fig. 10. "Chang'e 1" monitoring stations and range. 
 
 
6. Conclusions 
 

This article abandoned the traditional way of area 
monitoring, used the latitude and longitude 
monitoring methods to solve this problem. The 
innovation of this paper is that converted the area to 
latitude and longitude. During the study, we proposed 
the idea that used latitude and longitude of the 
projection area to cover the area under the track area. 
Given two theorems, and proofed. Then, constructed 
celestial trajectory monitoring model. Verify the 
rationality of the model by “Chang’e 1” satellite data. 
It provides new solution ideas for spatio-temporal 
data acquisition of celestial bodies. 
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