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ABSTRACT

After launch, access to space segment (the satellite) and space operations can be done only by means of
the ground segment and its radio link between satellite and TT&C ground stations; so the preliminary
activities must be fulfilled before. In this article, the three main methods of satellite control during flight
have been introduced and the optimum method has been concluded. The main methods of satellite control
are: command-based, time schedule — based and coordinate — based control method; the other methods are
combinations of these three methods. In order to determine the optimum one, the AHP (Analytic
Hierarchy Process) method has been used. All the satellite control methods have advantages and
disadvantages so the mission planners and system engineers will select the best, according to the criteria
and the weight of each criterion. The satellite onboard computer (OBC) will be programmed based on the
selected control method. The supposed criteria in this article are: fastness (the time interval between
decision making and start-up), accuracy, cost, onboard power consumption and reliability. Among the
introduced methods, the combination of command — based and time schedule — based control method has
been selected as the optimum.
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1. Introduction

After launch, access to space segment (the satellite) and space operations can be done only by means of
the ground segment and its radio link between satellite and TT&C ground stations; so the preliminary
activities must be fulfilled before [1]. In order to control the satellite during the flight, there are three main
methods that will be introduced and compared to each other. The other methods are resulted from
combination of the main ones [2]. All the satellite control methods have advantages and disadvantages so
the mission planners and system engineers will select the best according to the criteria and the weight of
each criterion [3]. The satellite onboard computer (OBC) will be programmed based on the selected
control method [4].

The main control methods of satellites are:
e Command — based control method
e Time schedule — based control method
e Coordinate — based control method

And the combined ones are as below:
e Command — time schedule based control method
e Command — coordinate based control method
e Time schedule — coordinate control method [5] , [3]

This article focused on small class of remote sensing satellites.

1.1. Command — Based Control Method

In this method, all standard activities on the satellite will be executed just according to the commands
received from the TT&C ground stations. The ground control center determines these commands and then
sends them to the satellite by means of the TT&C ground stations [6].

1.2. Time schedule — based control method
In this method, mission operations plan and the other adjustments are generated as a function of time.
This digital time table will be installed on the satellite onboard computer. The most important requirement
for implementation of this method is generation of the plan and on time transmission to the OBC. The
contents of the plan are satellite subsystems status, their components changes and these changes duration.
Switching to on and off status in sensors of a remote sensing satellite is an example of these changes. In
terms of the time interval between decision making and start up and also accuracy, this method is ranked
in low level. Some of the reasons are as below:

1. Inmost cases, telemetry data is received in GCC and analyzed with some delays.

2. The time delay between command determination and its transmission is too long.

Despite these disadvantages, time schedule - based was one of the most common control methods.
The implementation of this method is fulfilled as bellow:

e The logical and computational tasks will be done in GCC.

e The results will be transmitted to the satellite to be executed onboard as a function of time.

Upon the above descriptions, it is obvious that why this method is named time schedule — based.

In remote sensing satellites mission, the ultimate goal is quality of the images. Based on this criterion, the
capacity of the sensors may not be completely used because of errors in satellite position predictions. In
order to determine the exact time of image acquisition (the exact time of switching on the satellite
sensors), the satellite trajectory must be predicted as exact as possible. Upon this prediction, the
approximate time that the satellite will be over the right point to capture image, may be determined. Due
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to the inaccuracies in the above mentioned prediction the margins may be too long in order to completely
cover the area. But these margins are not useful for image users; they will waste the limited source of
satellite power and will lessen the Power Supply Subsystem efficiency [6].

1.3. Coordinate — basedcontrol method

In coordinate — based control method, each section of space operations is a function of satellite coordinate
and its orbital position. In order to use this control method, there must be an orbital parameters or
coordinate determiner onboard the satellite to determine the coordinate of satellite center of mass in each
moment of time. The OBC will generate the control command of onboard subsystems. This command
may change the status of the corresponding subsystem by comparison of the target area and the current
coordinate of the satellite. The satellites which the coordinate — based method has been used in them are
more independent than the others.

The advantages of this control method are:

a. The image acquisition operation unlike the time schedule — based method, will be done upon the
plan that has been generated by the OBC and not the ground control center (independency) and
this program is a function of satellite orbital coordinate in comparison the target area.

The more accurate satellite coordinate determination will result the least margins to completely
cover the target area, then the power consumption will be reduced and the spatial resolution of
images will be increased.

b. As mentioned above, using this method entails the accurate satellite coordinate determination in
every moment of time so there must be a navigation system onboard the satellite like GPS or
GLONASS.

c. The coordinate — based method is a state of the art method and the needed equipments for
implementing of such a method are more expensive than the others. In order to reduce the cost of
this method implementation, the following recommendations in design and manufacturing the
satellite will be useful:

e The two most important parameters that must be under control in remote sensing
satellites are orbital coordinate and attitude; so in design of satellite positioning and ADC
(Attitude Determination and Control) Subsystems, the multipurpose devices must be
preferred to determine the satellite position and attitude simultaneously. In addition to
cost, also the weight will become lower too.

e The ratio of image acquisition time to the orbital period of a remote sensing satellite is
about 10 — 15 %. In order to reduce the power consumption, there must be a less accurate
positioning and attitude determination subsystem onboard, besides the more accurate
ones. The accurate subsystem will be switched on just when the satellite is in the image
acquisition mode and in the other modes the other one may be on.

d. Other than the onboard determination of satellite coordinate method, the orbital parameters may
be determined by ranging, observatory or surveillance ground stations. But in order to use this
method, there must be an adequate number of stations with a proper configuration to perform
enough measurements in a short interval of time.

In order to implement the coordinate — based control method, the following requirements must be
provided:

e The attitude determination error must be less than 10 angular min in yaw, pitch and roll
orientations.

e The RMS (Root Mean Square) error of positioning must be less than 100m in height,
5Km in direction of motion and less than 200m in perpendicular direction to the motion.
The required data to calculate the RMS Error must be obtained from about 5-8 cycle
measurements.
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Essentially because of its independency level, in this method the main element of satellite control during
flight is OBC [8].

1.4. The coordinate — time schedule based satellite control method

In this kind of satellite control method, the control commands will not be generated upon the measurable
but predictable parameters of the satellite center of mass position. This method has two main advantages.
It may reduce the volume of the current data in Automatic Control System and make it possible to control
the satellite in the orbit sections where there is no access to it by the ground control segment. In this
method the satellite position prediction software will be loaded in the OBC [9].

2. The optimum satellite control method determination based on qualitative
parameters

So far it seems that the time schedule — based control method in combination with command control
method will be the optimum one. Although the time schedule — based compared with the coordinate based
is a time consuming control method but since it provides the maximum independency to the ground
control segment personnel, it is more prevalent than the others [10].

The required information to compare these methods has been gathered in the table 1.

Table 1: The optimum satellite control method determination upon the modal criteria

Comparison results
(high — medium - low)
Command
Time schedule

1 fastness (the time interval between decision making and start-up) Coordinate
Time + coordinate
Command + time
Command
Time schedule
2 Accuracy of control commands execution Coordinate
Time + coordinate
Command + time
Command
Time schedule
3 Ground control segment workload Coordinate
Time + coordinate
Command + time
Command
Time schedule
4 Space control segment workload Coordinate
Time + coordinate
Command + time

No. | Decision Making Criteria

Command
Required Onboard control devices: Time schedule
5 o Satellite attitude and position determiner Coordinate
e Satellite attitude and position controller Time + coordinate

ZTrm DO r| Z|rr I <Z|Tr < <Z| T

Command + time
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Power consumption during space operations: Command M
. Time schedule H

e Image margins to complete cover of target area .
6 o Satellite attitude and position accurate control, out of target Coordinate M
P ’ g Time + coordinate | M

area -

Command +time | M
Command L
Time schedule H
7 Satellite independency during space operations Coordinate H
Time + coordinate | H
Command + time | M
Command M
Received images Quality Time schedule M
8 e Image margins Coordinate H
e Image spatial resolution Time + coordinate | M
Command +time [ M

3. The optimum satellite control method determination based on quantitative
parameters

In this article, AHP has been used to determine the optimum satellite control method. The process
sequences are as follows [11].

3.1. Options
As mentioned above the options are as following:
1. Command — based control method
2. Time schedule — based control method
3. Coordinate - based control method
4, Command and time schedule — based control method
5. Time — coordinate based control method

3.2. Criteria

As mentioned in table 1 the criteria are as following:

The time interval between decision making and start-up
Accuracy of control commands execution

Low workload in ground control segment

High workload in space control segment

The least required onboard accessories

Low power consumption during space operations
Satellite high independency

High quality of received images

Cost

©ooNoU~wWhE

In AHP method the criteria must be independent from each other then according to the following points,
the independent ones will be selected among the criteria:
- High workload in the space segment means low workload in ground control segment and then the
criteria number 3 is deleted.
- High satellite independency and the least required onboard accessories are antonyms then the
criteria number 5 is deleted.
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- High workload in the space segment is opposite to the least required onboard accessories so the
criteria number 7 is deleted.

- High workload in space control segment means high power consumption during space operations
then the first criterion is de leted.

- High quality of received images is one of the aspects of satellite optical payload reliability so the
number 8 criterion is deleted and reliability is replaced.

Therefore the remained criteria are as following:
- Fastness
- Accuracy
- Cost
- Power consumption
- Reliability

3.3. Determination of the weight and percent weight of each criteria

Since the importance of each criterion is different from the other, in AHP method, the decision maker
must assign a proprietary weight to each one. These has been indicated as Wy, W, ..., W, that n is the
number of criteria.

In order to calculate the percent weight, each weight must be divided on the summation of all criteria
weights and multiplied by 100 as shown in the equation (1).
W,

x 100 (1)

The calculated weights have been gathered in table 2.

Table 2. Weight determination of criteria

No. Criteria Weight | Weight percent
1 Fastness 30 8.3
2 Accuracy 60 16.7
3 Cost 100 27.8
4 | Power consumption 70 19.4
5 Reliability 100 27.8

3.4. Determination of each criterion relative weight
In this phase, each criterion relative weight matrix must be generated. In table 3 the relative weights has
been indicated as a number between 0 and 100.

Table 3: Matrix of relative weights.

1 2 3 4 5

Accuracy | Cost | Fastness | Power consumption | Reliability
1 Time schedule 40 80 50 80 90
2 Command 30 90 30 90 95
3 Coordinate 60 30 80 20 98
4| Command + time 50 80 60 80 93
5| Time + coordinate 70 20 90 20 99
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In order to calculate the relative weight, the above matrix must be normalized. To normalize the above
matrix, each cell must be divided to the summation of the cells in its respective column as indicated in the
equation (2).

Wi

W -_—— (2}
mn -?:1”;%}_
The normalized matrix has been shown in the table 4.
Table 4: Normalized matrix of weights based on any criterion
1 2 3 4 5
Accuracy | Cost | Fastness | Power consumption | Reliability

1| Time schedule 0.16 0.267 0.161 0.276 0.189
2 Command 0.12 0.3 0.097 0.31 0.2
3 Coordinate 0.24 0.1 0.258 0.069 0.206
4| Command + time 0.2 0.267 0.194 0.276 0.196
5| Time + coordinate 0.28 0.067 0.290 0.069 0.208

3.5. Decision making Diagram
The decision making diagram has been created based on the normalized matrix of relative weights. This
diagram has been shown in figure 1.

3.6. Deter mination of composite weight of each choice
The composite weight will be computed by equation (3).

U, = Zwlwm (3)

In this equation m is the number of choice which its composite weight is under computation.
The computed composite weight of choices has been summarized in table 5.

Table 5: the composite weight

No. Control Method Composite weight (U )
1 Time schedule 0.220
2 Command 0.227
3 Coordinate 0.160
4 Command — time schedule 0.232
5 | Time schedule - coordinate 0.161

3.7. The final choice determination based on composite weight
The composite weight is the final result of computations in the composite method and determination of
the optimum choice will be based on this quantity.

Although the results has been summarized in the table 5 but in order to make the decision making process
more sensible the composite weights have been shown in a column chart in figure 2.
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The optimum control method determination

1 1 1 1 1
Accuracy cost fastness Power Reliability
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Figure 1: Decision making diagram based on AHP method
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Figure 2: the satellite control methods comparison based on their composite weight
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4. Conclusion

In this article the satellite control methods has been classified. Although these methods, are used
individually or combined in the space systems but they had not been classified as presented in this paper.
In this article all satellite control methods including command — based, time schedule and coordinate —
based control methods and their combinations (combined methods) has been explained completely. The
manner of implementation, respective requirements and advantages and disadvantages of the control
methods have been studied. When the system engineers based on the users’ and mission operations
requirements, have more than one choice between the satellite control methods they should use a
reasonable manner to choose one of them. The AHP is one of the prevalent methods that help the decision
makers to do the best selection among more than one option. An important point in using this method is
that the criteria which the selection will be made based on them should have no overlapping with each
other. Since in the case has been studied in this article, the criteria overlapped each other, then some of
them were deleted and the AHP method started with just five criteria. It must be mentioned that the
weights assigned to each criteria are based on the selected case (a small remote sensing satellite) and they
can be changed in the other cases as well as the criteria themselves. The final result and the optimum
satellite control method was time schedule — command based control method which was a combined
method.

By using the AHP method, the system Engineers can be sure that they have observed all the mission
operations restrictions and all the users’ and beneficiaries’ requirements have been provided and
eventually they have done the best selection by choosing the optimum choice.

It is proposed system engineers with different idea to study another cases (e.g. a communication satellite)
and compare the results.
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