
Risvan Dirza 
09R12111 Final Report to Prof. Lorenz,  Fall 2009 Page 1 
 Physics-Based Principles for Control System Design and Integrated Sensor Replacement 
 

Energy-Balancing Cooperative Strategies for Sensor Deployment with Limited-Range 
Anisotropic Sensors. 

 
Abstract-In order to describe the energy balancing, we visualize that condition by making the 
network and nodes with high power and low power area. Moreover, we define limited-range 
Anisotropic Sensor by a probabilistic model and we assume that each robot is equipped with 
omni-directional communication capability. Simulations illustrate the results. 
 
Practically, this research has at least two important part which we have to pay more attention. 
There are :  
1) Physical Sensor/Agent Deployment and,  
2) Energy Balancing Cooperative Strategies.  
 
In this report, we will focus on some material which are related to the methods taught in the 
class. 
 
Part I - Case I. 
Physics-Limited Range Anistropic Sensors Disturbances Handling 
 
In this research we use two dimensional model. 

Legend : 
xF             x  domain force input 

yF              domain force input y

inT             θ  domain torque input 
 

xf             x  domain disturbances 

yf             y  domain disturbances 

disT            θ  domain disturbances 
 
R     =       Sensor`s radius 
m     =       Sensor`s mass 
J      =        Inertia 
 

Fig.1 Sensor Modeling Simplification 
 
The picture above is the appearance of the sensor in the point of view of  axis. We assume 
that there are no disturbances which come from the  axis side. The sensor is assumed to be 
well attached in the  axis domain. 

z
z

z
 
In this model, there are three input which are able to determine the position and the sensing 
area of the sensor. They could come from the x  and y  domain. The combination of these 
two domain, specifically determine the position of the sensor which directly change the 
sensing area of the sensor. Moreover, this model also tell us that there is an θ  domain input. 
This domain directly effect to the orientation of sensing area of the sensor. 
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Furthemore, there are three sources that might disturb the system which come from the x , y , 
and θ  domain. Respectively is indicated as  (force xf x ),  (force ), and  (torque 
disturbance). 

yf y disT

 
The relation between theθ  domain to the x  domain and theθ  domain to the  domain 
mathematically, can not be separated. This term can be written as the following : 
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Based on this model, we can develop the characteristic of this system. In block diagram point 
of view, this system can be described as the following : 

Fig.2 Block Diagram of  the System 
 

Assumptions : R  = 5 ([L] unit) 
m  =  2 ([M] unit) 
J      = 4 ([M][L] unit) 2

 
The equations : 
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As we know before, each input which is described as force and torque in this system is 
coupled each other. They are not independent each other. If there is any change over in x  
domain input then, the output of theta will be impacted and verse. And so does y  domain 
input to θ . In other words, we call it Physical Manipulated Input Cross Coupling (PMICC). 
In order to decouple this problem, we put Manipulated Input Decoupling (MID) just before 
the PMICC. MID has to be the inverse system of PMICC. But, it doesn`t has to be perfect 
zero, but nearly zero. 
 
There will be some disturbances for this system, since my idea is that this whole system may 
good enough to be located in not ideal environment. For example, the sensors may be located 
under the sea in order to detect the plate movement etc. 
 
These disturbances are described as disturbances effect in this diagram. And the disturbances 
will not come only from the nature disturbances but also come from the whole system itself. 
Due to this condition, using the methods which is named as Disturbances Input Decoupling 
(DID), We could reduce the impact of all of these disturbances. This DID can be developed if 
the inputs are already decoupled ( in  this case by MID) 
 
This condition can be described as a mathematics equation as the following. 

9.......()...(

8.........(....................

7.....(..............................

~~
1

~
1

~
1

eqUDBBDUBBXAX

eqUDUBBXAX

eqUDUBXAX

dmc

dc

dm

−−
•

−
•

•

−++=

++=

++=

 

According to the equations above, we can determine that 
~

1−B is implemented as MID and 

 is implemented as DID. )..(
~~

1 DBBD −−
 
Based on that methods, this system will produce ouputs as the following 

Legend:             x  domain ;              domain;             y θ  domain;  
Fig.3 The position and orientation of the sensor against time domain. 
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Since the input of x  domain is twice than y  domain, then the output values of y  domain is 
twice bigger than x  domain. The input of θ domain is the same as x  domain in quantity. 
 
As we can see each of those graphic indicate that, the outputs are being controlled smoothly 
every second in order to reduce the impact of random disturbances and coupling problems. 
The line graph can not be flat whole the time, since we know that disturbances won`t come 
periodically or predictable. The one thing that this system can do is trying reduce the 
disturbances by moving smoothly and damped periodically (when the disturbances is 
reducing) around the expected value.  
 
The coupling problems have also been nearly solved. We assign x  input as  a and y as . 
So, 

a2
x  output is moving around 1 and  output is moving around 2 . Directly, we also assign 

 value such that 
y

a θ  expectedly is moving around 1. As we can see θ  domain is moving 
around 1 and almost not being influenced by x  or  domain input. We also had been trying 
the same method to prove the `nearly` independency of the other parameter, in this case 

y
x  

and y  domain. 
 
But, if we see more detail, θ  domain is not really moving around 1. It moves a little bit upper 
than one. This condition indicates that the system technically has worked as the expectation. 
Although, it doesn’t work specifically exact on algebra calculations.  
 
Part I - Case II 
Sensor Replacement Using Observer to Physical Parameter (In this case θ , x  and y ) 
 
In this second case, we would to use the method of observer in order to estimate the physical 
value that might be attached in the main system (case I).  
 
Conceptually, either output x domain, output domain or outputy θ  domain need the same 
system to be produced. So, in this second case, we will analyze one of that three similar 
system. We assume the signal which is right before entering the main system as the given 
input of this second case system. 
 
In this simulation, we don’t use bode plot, but we use time domain analysis. In order to 
satisfy more frequency range area, we do simulation by sampling some frequency in time 
domain graphic. Conceptually, it`s supposed to be the same. 
 

  Legend :   
f = 0.01 rad/s 
θ   
~
θ  
f = 0.1 rad/s 
θ   
~
θ  
f = 1 rad/s 
θ   
~
θ  

Fig.4.θ  estimation accuracy in different frequency sampling. 
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Based on this plot data diagram, we can see that both the estimation value of the parameter 
and the physical value of the parameter are quite similar in any sample frequency taken. But, 
if we pay attention more on that plot (zooming), we can find that the `amplitude` of the 
estimation value is getting bigger when the frequency higher. However this fact doesn’t  have 
quite significant effect in practical, because it needs very `wide` frequency range to identify a 
very `small` differences of that estimation parameter value. In every frequency sample taken, 
the phase lag is also relatively near to zero. 

 
Part II- Case I 
Energy Balancing Strategy Using Relative State Feedback 

(Currently, I am working on it) 

The basic principle in this part is weight metrics which yield non-equivalent Voronoi 
partitions, the power metrics : 10........(),( 2 eqepqpqd iii
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As we can see, there is one physical parameter (mass or weight) that we can identify in order 
to develop an Energy Balancing Using Relative State Feedback.  

The amount of energy is visualized as a high priority area in two dimensional visualization. 
This visualization will be developed using probabilistic theory and Voronoi diagram. The 
expected condition is all of the agent has the same distance from the high priority area which 
means every agents has the same level of amount of energy. Until this report was written, the 
simulation is in developing progress using Microsoft Visual Studio 6.0. 

 

Conclusion and Future Work 

In fact, there a lot methods that we can use to develop a `good` system. One of  the best 
methods is the physic-based principle. This Physic-based principle has many advantages as 
method in practice especially in Nonlinear system (in our case). Moreover, this method also 
provide a clever strategy to replace a sensor which is commonly expensive. Furthermore, 
Relative state feedback-method probably may gives a lot of advantages in networking system 
in cooperative control strategies. 

The next thing that we have to do in this report is completing the simulation development in 
Part II-Case I. Furthermore, Finding and Determining the possible parts which are estimated 
to be better, both performance and fund, if we implement the physic-based method. 

 

 

 


