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-task of DP SMO in space at performance of 
saving works;

-task of DP of underwater vehicles and robots 
in space at performance

of different works  on shelf and many others 
similar works.
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The statement of  task

• The basic idea of approach consist in using of two levels control of DP:
• -at first level (named top level) System of DP define vectors of control force Fcon and moment Mcon ;
• -at second level (named bottom level) System of DP distribute this vectors on thrusters.
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Control of top level

•For definition of control laws of top level the next equations of motion  SMO are 
used:
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Control of top level1
• Method of synthesis
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Control of top level2

• The final stage of synthesis consist in estimation of stability of controlled 
motion SMO with observer

little) tooobserver   stablefor  estimation of errors that (assume,
sestimationin   SMOofmotion  control ofequationstheconsider    purpose For this
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Control of bottom level

• Consist in decision of  task of distribution on thrusters,),( conconcon MFL
that equals to decision next system of vector equations (six scalar equations)
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This system may be have:
- no decision (system not controllability);
- solo decision;
- infinitive quantity of decisions.

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

−
−

−
=

0
0

0

ii

ii

ii

xy
xz
yz

ix matrixsymmetricskew −− )(special

conditionssamesatisfyandxifexistaDecisions i if,)( )( ilitycontrollabofcriterion

In case of infinitive quantity of decisions
if , additional condition are used

)()()(
2
1minmin

1
tttJ

N

i
iff ii

i
T

i ff∑
=

= λ )min( powerofcriterion

Such approach allows  to connect all thrusters in united (integrated) control system of DP



Control of bottom level1

•Existing of  decisions   (solo or infinitive) are determined by criterion of controllability:
SMO is controlled, if the coordinates of an arrangement of any six thrusters (two groups with 
three thrusters) with tractions directed along axes (see figure)satisfy to conditions:  
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This conditions were concluded after 

substitution of coordinates of  thruster

arrangement in equations of task of 
distribution.

Putting of additional thrusters leads to 
infinitive    quantity of decisions.



Example

• Consider the next scheme of an arrangement of thrusters  

Coordinates of points of the thruster 

tractions appendix have plane symmetry:
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Thrusters 1-4 act in horizontal plane in b.f. system 

of coordinates and can to rotate;

Thrusters 5-8 act along vertical axis.



Example1

•The structure of DP control system
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Example2

• Decision  of vector equations of distribution Lcon on thrusters.
• Scalar form of equations of distribution for our example look as:
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Example3

•Decision of the task of distribution .
We can express F1,F2,F3 as functions of F4, analogous  F5,F6,F7 as functions of F8
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Example4

• Results of simulation for SMO
N.4E4by limitedtractionthrustertonns,800ntDisplacemewith 
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Example5

•Results of simulation of control motion 

•On this figures are shown results of simulation control processes with:

thrustersof tractionsnonlimited
andrad.0.1-angularon m,5-scoordinatelinear on deviations Initial
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Example6

• Results of simulation of tractions
turnofangles  andtractions:groupl)(horizontafirst  The
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Example7

•Results of simulation of control motion

rad.1-angularon m,5-scoordinatelinear on  deviations Initial
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Control system of DP is stable for significant deviations of angular coordinates



Conclusions

• Main results 
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