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Absnact- This paper describes the implementation of a computer-based controller for regulating 
reactor inlet temperature in a pool-type power plant. The mathematical description of the controller 
is given in [I, 21. The elements of the control system are organized in a master-follower 
hierarchical architecture that takes advantage of existing in-plant hardware and software to 
minimize the need for plant modifications. Low level control algorithms are executed on existing 
local digital controllers (followers) with the high level algorithms executed on a new plant 
supervisory computer (master). A distributed computing strategy provides integration of the 
existing and additional computer platforms. The control system operates by having the master 
controller first estimate the secondary sodium flow needed to achieve a given reactor inlet 
temperature. The estimated flow is then used as a setpoint by the follower controller to regulate 
sodium flow using a motor-generator pump set. The control system has been implemented in a 
Hardware-In-the-Loop (HE) setup and qualified for operation in the Experimental Breader reactor 
II of Argonne National Laboratory. Some HIL results are provided. 

1. Introduction 
Modem digital control techniques have not received the same level of acceptance in the U.S 

nuclear industry that they have enjoyed in other engineering applications such as aerospace, 
automobile and production systems. Several reasons have contributed to this state of affairs such 
as the current practice of partially relying on documented procedures, on the expertise of human 
operators, and on hardwired analog systems to control nuclear plants. In addition, the complexity 
associated with the physics of these plants, which include nonlinear and uncertain terms in the 
describing process equations, causes formal control schemes to be expensive to analyze and 
synthesize. Moreover, approaches based on practical experience and ingenuity of the designers 
seem to work in an acceptable manner to adjust the system response as needed. However, these 
techniques are application-dependent, do not provide the generality associated with an effective 
theoretical framework, and may not give adequate pe r fomce  in certain applications. In this 
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respect, experimental studies [3] have shown that ad hoc techniques cannot effectively meet some 
of the new performance objectives proposed for the Experimental Breader Reactor 11 (EBR-II) at 
Argonne National Laboratory, as discussed in [l, 23. This has led to the investigation of formal 
methods to devise a control scheme that provides the required level of performance (disturbance 
rejection, response shaping, and setpoint tracking) over the entire plant operating range. 

One of the new performance objectives is to achieve better regulation of reactor inlet 
temperature. A new control system is needed that can track a given reactor inlet temperature to a 
precision better than 1 "F and maintain it in spite of process disturbances by solely regulating the 
secondary sodium flow. In addition, it is required to implement it in such a way that it can be 
easily retrofitted in the EBR-11 plant. The results presented in this paper demonstrate that the 
proposed control system is capable of safely and significantly improving reactor inlet temperature 
response without requiring significant changes to the existing in-plant control setup. To take the 
advantage of modem control techniques for the analysis and synthesis of control systems without 
significantly changing the present installation, a master-follower organization is proposed in this 
paper. This organization can effectively implement and improve the control functions by 
integrating modem control techniques executing at a master agent with simpler, already in-place 
proven strategies running as follower agents. Control systems compose of a master agent with 
follower agents are called Master-Follower type control systems. Recently, there has been an 
increasing interest in this type of system [4], [5]. This has mainly resulted due to their easy 
integration into the in-plant control hardware of many existing systems. This paper presents the 
implementation of a master-follower system in a nuclear reactor. Specifically, the proposed control 
concept is demonstrated on a Hardware-In-the-Loop facility at the Experimental Breader Reactor 11 
(EBR-11). 

2. Plant Description 

The Experimental Breeder Reactor (EBR-II) power plant consists of a primary and a 
secondary system both using liquid sodium as coolant. Its primary system is a pool type fast 
reactor rated at 62.5 MWt while a secondary sodium loop removes heat from the primary system 
sodium and transfers the energy to a conventional steam turbine/generator producing a cycle that 
generates 20 MWe. The major components in the primary tank include the reactor core, two 
primary pumps, and the intermediate heat exchanger (MX) while the secondary sodium 
components include a motor-generator set and electromagnetic pump for regulating the secondary 
sodium flow. A simplified representation of the EBR-11 primary and secondary sodium systems is 
shown in Figure 1. The process variables of interest are reactor power, primary pump inlet 
sodium temperature, primary pump flow, reactor inlet plenum sodium temperature, reactor outlet 
temperature, IHX primary and secondary inlet and outlet temperatures, secondary pump flow, and 
a number of primary tank temperatures. The secondary sodium flow is regulated by a motor- 
generator set and electromagnetic pump configuration. There are sensors for measuring each of the 
above process variables including two thermocouple rakes located in the primary tank, each 
running the vertical length of the sodium pool. To control the reactor inlet temperature, the voltage 
of the secondary sodium pump is regulated to vary secondary flow. 

3. Control System Architecture 

The proposed architecture is structured into a three level control hierarchy, namely, the 
obeying, the governing, and user layers, respectively, in addition to the physical layer. The 
physical layer refers to the process dynamics and it is mostly described by nonlinear differential 
equations. In this implementation, it corresponds to the primary and secondary sodium system of 
a liquid metal reactor. The obeying layer embodies the agents that act directly on the physical 
process. These agents are calledfollowers and operate under the direction of an upper agent. In 
this implementation, there exits only one follower, the secondary sodium flow controller. A higher 



level agent, called master, resides at the governing layer. The master adjusts defined parameters 
needed by the followers to execute their controlling actions. The master does not act directly over 
the controlled process and its influence results in control strategies dictated to the followers. For 
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Figure 1. EBR-II primary and secondary sodium systems. 

example in this work, the master computes the setpoint used by the follower to regulate secondary 
sodium flow. Finally, the user layer supervises the operation of both layers and generates the 
required signal authorizing the master to control the followers. Software or human agents may 
reside in this layer. However, in this implementation, authorizations are instructed only by human 
operators. In general, followers and master are software agents [6] residing in different computer 
platforms. Because process information is treated differently, each level operates at different time 
scales and different computer platforms. Specifically, this hierarchy accommodates a 
foreground/background operation with the followers operating in the foreground and the master 
and users operating in the background to support the foreground operations. 

The master-follower scheme implemented to control the secondary sodium flow is shown 
in Figure 2. Specifically, the follower and master are computer processes with the follower 
residing in a programmable digital controller while the master resides in a UNIX based 
workstation. The follower executes the control algorithms that reside at the obeying layer, the 
master executes the adjusting algorithms of the governing layer and the user specifies the desired 
operating conditions. To provide communicating links between agents, inter-agent interfaces are 
present. For example, a data conditioning interface was implemented, as seen in Figure 2, based 
on extensive heat balances studies. One of the purposes of this interface was to compensate for 
instrument errors with the results that sensor outputs and actuator inputs are first filtered using 
analog hardware and software modules before they are actually employed. 



The resulting flow of information is as follows. The user indicates to the master the 
desired reactor inlet temperature to be maintained. Given this desired value and process data, the 
master computes the secondary sodium flow that would be required to achieve this tempemture 
setpoint. This value is communicated to the follower which uses it as the secondary sodium flow 
setpoint to be enforced. The net result is that the initial reactor inlet temperature setpoint given at 
the user layer has been transformed to a secondary sodium flow setpoint at the obeying layer. 

UNIX host pz- UNIX host Prog. controller 
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Follower 
Controller 

reactor inlet temp. 
setpoint Master setpoint 
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Primary / Secondary 
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Figure 2. Implemented Master-Follower scheme. 

The specific modes of operation of each controller are briefly discussed next. The master 
controller can operate in any of three modes, namely, Mode 1, 2, or 3. In Mode 1, the master 
estimates the reactor inlet temperature based on measured process data. This computation 
relies on an internal model that the master has of the plant dynamics. Due to modeling errors, the 
estimated RIT, which is a steady state solution, may slightly differ from the actual value. This 
difference is then used as a relative offset when specifying new setpoints, as will be discussed 
later. In Mode 2, the master estimates the secondary sodium flow that would be required to 
achieve the given RIT setpoint. This flow is used as setpoint for the follower controller. 
However, neither in Mode 1 nor in Mode 2 can the master assume an authoritative role over the 
follower. It is only in Mode 3, which is similar in functionality to Mode 2, that the setpoint 
computed by the master is used by the follower as long as the operators have authorized it. Under 
this situation, the master attempts to track the given RIT setpoint by varying the secondary sodium 
flow setpoint communicated to the follower. Similarly, the follower controller can operate in any 
of three possible modes, namely, Manual, Automatic, or Cascade. In Manual, the follower does 
not execute any control function and simply outputs the value set by the operator at the local digital 
control station. In Automatic, the follower uses a PI algorithm to compute its control output with a 
setpoint that corresponds to the value set by the operator at the digital station. It is only in Cascade 
mode that the follower utilizes as its setpoint the value that has been remotely generated by the 
master controller. Notice that, in Manual and Automatic modes, the control scheme acting on the 
secondary sodium flow is the same as the existing in-plant configuration. It is only in the Cascade 
mode that the control scheme differs. Notice also that the modified control algorithm used by the 
follower is similar to the original in-plant implementation. The difference is that the modified 
algorithm can use as setpoints not only values introduced by an operator at a local digital control 



station (the case of the original algorithm) but also values generated by the master at a remote 
workstation. This results in a control scheme requiring minimal modifications of the existing in- 
plant configuration. 

4. Distributed Computing Platform 
The software for the master-follower control system and the real-time simulation of the 

controlled plant coexist as a collection of computer processes running on disparate platforms. 
These processes are software realization of the different plant subsystems, control algorithms, user 
interfaces, data conditioning and data exchanging as well as communicating routines needed to 
conduct the test in a hardware-in-the-loop setting. Figure 3 shows a schematic of the processes 
arrangement where DAS, SIM, CON and CSI stand for the several databases containing the values 
of actual plant, simulated plant, control and initial condition plant variables, respectively. A brief 
discussion on these modules is given next. 
4.1. Plant Simulation 

The simulated plant is organized into four subsystems distributed over several computers to 
ensure real time responses and tie together disparate simulating codes. These subsystems are the 
reactor core, the primary tank and the intermediate heat exchanger (IHX), secondary system 
hydraulics, and the secondary sodium system. At the starting point, any of these processes 
requests the type of experiment to be conducted. In particular, the user is asked whether the test is 
a simulated or an actual in-plant test. The answer indicates to the database managers whether 
process variables are to be retrieved from the simulating (SIM) or the actual DAS databases. 
However, excluding data conditioning routines, the software of any of these processes remains 
invariant to the type of experiment selected. By maintaining the code invariant to the type of 
experiment, the software can be validated under a simulated environment before they are used in an 
actual in-plant test. 

Different simulating approaches were used for modeling. Modeling of the reactor core was 
done using the Dynamic Simulator for Nuclear Power Plants [7] (DSNP) simulation language. 
The requirements for the reactor core model are to calculate reactor power response and reactor 
temperature rise given a change in control rod reactivity input, reactor inlet temperature or reactor 
coolant flow. This model assumes that EBR-11 reactor response can be calculated using one 
average subassembly [SI. To model the tank, a lumped parameter approach was used as discussed 
in [l, 21. The physical layout of the primary tank components was also considered in the model 
resulting in a nodalization of the tank and components. Modeling of the secondary system 
hydraulics was done also using the DSNP simulation language. The mass and energy balance are 
accounted for by a cavity model representing the surge tank, and the momentum balance equation 
is solved. The purpose of this model is to calculate the secondary flow dynamic response to a 
change in voltage to the secondary electro-magnetic pump. Finally, the secondary intermediate 
system model was implemented through an algebraic relationship. This level of simulation was 
identified to be adequate when verifying the control strategy. Specifically, based on recorded data 
and previous observed plant responses, the model reads the current reactor power and computes 
the corresponding secondary inlet sodium temperature going to the IHX by applying boundary 
conditions. 

4.2. Control System 

As indicated, two agents, a master and a follower, concurrently operate to cause the 
specified temperature setpoint to be tracked, as illustrated in Figure 4. The implementation of each 
agent is briefly mentioned next. 
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Figure 3. Computer Processes Configuration. 

A. Follower Controller 

The follower controller essentially executes a PI scheme to compute the control output 
based on the given setpoint and the current process variable value (Le., secondary sodium flow). 
A simplified diagram of the computer configuration downloaded in the programmable controller is 
given in Figure 5. The setpoint used may be equal to the local setpoint indicated by the operator or 
to that remotely generated by the master controller. Specifically, the follower's setpoint results 
from the master controller if and only if the operator, the experimenter and the master controller all 
have so authorized as seen in Figure 5. Otherwise, the local setpoint given by the operator will be 



used. This authorization scheme was incorporated in the control logic as an added measure to 
allow the operator to recover in the event of an unanticipated plant response. In particular, if for 
any reason the experiment.goes out of the specified safety range or the reactor response is 
considered inadequate at any time, the operator only has to take the follower controller out of 
cascade. This will reestablish the normal operation of the secondary sodium flow controller by 
imposing local setpoints, with any input corning from the master controller being ignored. The 
follower controller was implemented on a Bailey Standard Controller (SC) from the Network 90 
controls. 

temp. setpoint flow setpoint Master 
Controller 

flow 
Plant Follower 

Controller 

Figure 4. Control scheme. 

B. Master Controller 

Four main routines comprise the master's software implementation, namely, the data 
conditioning routine, the reactor inlet temperature estimating routine, the secondary sodium flow 
estimating routine, and the master controller authorizing routine. 

Figure 5. Follower Controller Program Configuration. 

Specifically, the data conditioning routine compensates for instrumental errors. This routine was 
developed based on extensive data validation studies against conservation equations. The reactor 



inlet temperature estimating routine computes the RIT based on the remeved process data and the 
internal plant model residing in the master module. This estimated RIT is used to assure a 
bumpless control transfer from local to remote control of the follower controller. The secondary 
sodium flow estimating routine computes the secondary sodium flow required to achieve the 
desired RIT based on current operating conditions. This value will be used as the remotely 
generated setpoint for the follower controller. Finally, the master controller authorizing routine 
generates the enabling signal acknowledging the master's consent of using remote setpoints at the 
follower. The master controller was implemented in a UNIX host as a separate process. 

It is important to note here that the reactor inlet temperature estimating routine was 
developed to provide to the operator a means to ensure bumpless transfer when changing the 
follower controller from local to remote control. In particular, the algorithm used to compute the 
secondary sodium flow required to achieve the given RIT setpoint employs a lumped parameter 
model of the reactor tank. This model is also used to estimate the current RIT. Due to modeling 
errors, the RIT estimated based on operating condition may differ from the actual value. To 
account for these errors, the master is initially given its estimated RIT as its setpoint. By doing so, 
the computed secondary sodium flow should closely agree with the actual value. Assuming steady 
state, this initializing procedure equates the remotely generated setpoint to the current local setpoint 
at the follower and no bump in setpoint will occur when the follower controller is transferred from 
local to remote control. 

To compare different control approaches, three different implementations were evaluated, 
namely, control without Linear Quadratic Regulator (LQR) component, control with LQR 
component, and control with LQR component and a response accelerator module. As indicated in 
[l, 2, 81, the dynamic response of the (master) controller can be changed by modifying the 
controller gain matrix G, which varies the locations of the poles of the controlled system. Thus, in 
the first design, G is set equal to the zero mamx. In the second design, G is computed by solving 
a linear quadratic regulator problem to optimize the system dynamic response. Finally, the latter 
resulted from a heuristic analysis that accounts for the dynamic differences when cooling or heating 
the tank. Specifically, this approach first uses a linear quadratic regulator algorithm to compute the 
mamx G. In addition, a component called response accelerator module was included to improve 
time response. The time-varying gain g(t) modifies the setpoint demand coming from the master 
module as illustrated in Figure 6. The gain g(t) is computed based on the requested setpoint 
change (Le., increase or decrease of reactor inlet temperature) and the error between process 
variable and setpoint. 

4.3. UNIX Host / Programmable Digital Controller Communication 

To link the host computers with the programmable digital controllers, a computer program 
was developed that runs as a separate process. Specifically, the communication process attaches 
itself to the databases shown in Figure 3 as well as to the corresponding local point memories of 
the programmable controller. The physical connection is done through a serial line. Proper hand 
shaking procedures were incorporated to assure adequate information exchanges. 

4.4. User Graphic Interface 

5 

A graphic interface was developed (shown in Figure 7) to constantly i.nform the user with 
the current values of relevant process variables including reactor power, primary inlet temperature, 
Mx secondary inlet and outlet temperatures, reactor inlet and outlet temperatures, and secondary 
sodium flow. Similarly, control specific variables are also displayed such as the RlT estimated by 
the master controller, the desired RIT setpoint given by the experimenter, the secondary sodium 
flow computed by the master controller and the follower control output. The status of both master 
and follower controllers are also shown by indicating the current mode of the master controller and 
whether the follower controller is using a local or a remotely generated setpoint. 
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Figure 6. Modified control scheme incorporating a time-varying gain module. 
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This graphic interface provides complete control over the progress of a test. Specifically, 
by clicking on icons, the user can place the master controller in any of its possible modes of 
operations, enter the desired RIT setpoint, authorize the master controller to govern the follower 
controller or abort the test at any time. In a typical test sequence, a test starts with the master 
controller in Mode 1, the experimenter authorization signal disabled, and the follower using its 
local setpoint. In Mode 1, the master controller estimates the RIT. The experimenter will then 
enter this estimated RIT as the new RIT setpoint in order to assure a bumpless transfer, as 
discussed in Section III. This temperature setpoint results in that the required secondary sodium 
flow computed by the master controller in Mode 2 will closely agree with the actual flow. The 
experimenter will then switch the master to Mode 3 and subsequently give his authorization to the 
master controller to control the follower controller. At this point, only the operator can put the 
secondary sodium flow under remote computer control. Specifically, by pressing the cascade 
button on the corresponding digital control station, the operator finally authorizes the master to set 
the setpoint for the follower. After this sequence of operation is completed and a steady state 
condition is declared, new reactor inlet temperature setpoints can be given and reactor response 
observed and recorded for system evaluations. 
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Figure 7. Graphic user interface. 



5. Hardware-In-the-Loop Testbed 

To investigate system components and control performance in an integrated real-time 
setting, a Hardware-In-the-hop (HIL) testbed was developed at Argonne West. An HIL consists 
of a real-time simulation of the plant on a distributed set of computers and programmable 
controllers. Its distinct characteristic is that the interfaces and controllers are implemented on actual 
control and communicating hardware such as programmable controllers and computer interface 
units. In this way, HIL provides real-time input/output communications and allows control and 
supporting software to be tested by simulating the controlled process before the final prototype is 
implemented. This is desirable to ensure plant operational safety. The system components include 
the following modules, as shown in Figure 8: 

1) A standard Bailey NETWORK 90 controller (SC) to implement the secondary sodium flow 
control algorithm executed by the follower. 

2) A 486-based (PC) computer for interfacing with the controllers in order to down load and 
monitor control algorithms and parameters. 

3) A UNIX workstation (UNIX host) to implement the control algorithms executed by the 
master. 

4) A UNZX workstation (LJNIX host) to implement a real-time graphical interface for monitoring 
and controlling the test. 

5)  UNIX workstations (UNIX hosts) to implement the distributed plant simulations of the 
reactor core, primary and secondary sodium systems, and the intermediate sodium exchanger. 

6) The EBR-II data acquisition system @AS) to obtain process information broadcast on the 
et hernet network. 

7) The two available local area networks present at ANL-W, Le., the NETWORK 90 plant loop 
and ethernet network to communicate process information among system components. 

8) Two computer interfaces units (o to connect external computers to the NETWORK 90 
plant loop. 

6. Results 
The hardware-in-the-loop simulation consisted of ‘three parts each conducted at different 

power levels. The first two parts evaluate the control system capability to reject process 
disturbances. A outcome was judged successful if the control scheme could maintain reactor inlet 
temperature within 1 OF of the given setpoint in spite of introduced process disturbances. In 
particular, Test 1 was conducted to evaluate the controller capability in maintaining reactor inlet 
temperature when reactivity disturbances were introduced causing up to 20% variations of reactor 
power. To assess the controller rejection capability to primary flow disturbances, Test 2 consisted 
of a target 10% variations of primary flow while observing reactor inlet temperature response. 
Finally, Test 3 was conducted to evaluate the efficacy of the control system to enforce a given 
reactor inlet temperature setpoint. A outcome was judged successful if the control scheme could 
track setpoint changes without large overshoots and with a reasonable response time. This test 
compares the responses of three algorithms that were proposed in Section 4.2.B for the master 
controller. The results show that the proposed system configuration can be used effectively to 
control reactor inlet temperature by mo-g secondary sodium flow. 

Test 1 demonstrates the ability of the controller to reject reactivity disturbances. Figure 9 
shows the results for this test starting from a steady power level of 63 MWt. A reactivity step 
change was introduced at 100 seconds causing approximately a 10% variation of reactor power. 
After a transient, the reactor power remained very steady at the reduced level. Figure 9 shows that 
the control system was capable to maintain reactor inlet temperature within a tolerable range. Then, 
a reactivity change was introduced at 900 seconds to increase the reactor power to the original 
value. Again, variations of inlet temperature were within an acceptable range of 0.5 OF. This 



pattern of reactivity changes were again exercised even with greater reactivity disturbance at 1300 
and 1800 seconds causing up to 20% change on reactor power. The results indicate that the 
controller successfully rejects. reactivity disturbances. 
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Figure 8. Hardware-in-the-loop experimental setup. 

Test 2 demonstrates the ability of the controller to reject primary flowrate disturbances. 
Figure 10 shows results for a step change of primary flow in both directions while the power was 
set at 62.5 MWt. In particular, starting with the primary flow at 97.8%, the flow was initial 
increased to 102.8%. After a steady state condition was achieved, the flow was decreased to 
97.8% and from there to 93%. Subsequently, the flow was reestablished to the original 97.8% 
value at 21.5 minutes. The control system was capable to maintain the reactor inlet temperature 
within an acceptable range of 0.5 O F  throughout the entire experiment. 

To compare the different control schemes discussed in Section 4.2.B, Test 3 was 
conducted. Figure 11 shows the responses of each controller to a change of reactor inlet 
temperature setpoint from 690 to 695 F. The three schemes evaluated are basic, basic with LQR 
and basic with LQR & accelerator. The control approaches were able to increase the reactor inlet 
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Figure 10. Results for step disturbances of primary flow. 

by decreasing the secondary sodium flow. As predicted, the time response is 
introducing the LQR component and time-varying gain in the control design. It can 



be concluded that the proposed controllers can effectively control the reactor inlet temperature to the 
given setpoint value. 
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Figure 11. Responses of each conml scheme to a set change in temperature setpoint. 

Before concluding, it is important to note here that the control behavior obtained of the 
proposed scheme is expected to closely emulate actual operational responses. This is due to the 
accuracy of the models of the actual plant dynamics as demonstrated in [l, 23. Ii.1 addition, it is 
also important to stress that the experiments were intended to evaluate the plant behavior under the 
control of a modem scheme when process disturbances occur or when changes of setpoints were 
demanded. However, it was decided that any improvement on system response must be achieved 
by utilizing a control scheme that would not require significant changes on the existing control 
implementation. If this had not been the premise, the distributed master-follower scheme could 
have been replaced by a controller With its complete functionality residing in the local digital 
controller. This would have avoided the additional external communications required for the 
master-follower implementation. Again, this was not done to keep the implementation as simple as 
possible so that the experimental procedures could be more easily developed and approved. 

7. Summiin, and Conclusions 
This paper presents a master-follower control implementation to regulate the inlet 

temperature of a liquid metal reactor. The proposed control system is structured as a hierarchy of 
three layers, namely, obeying, governing, and user layers, respectively. The obeying layer 
exercises direct control over the controlled process through the action of followers. The governing 
layer generates control parameters (e.& setpoint) through the action of a master; these control 
adjustments govern the operations of the followers. To oversee the operation of these two agents, 
the user Iayer activates the chain of command of the proposed master-follower scheme, and 
indicates desired operating conditions. 

To illustrate and evaluate the efficacy of the proposed control configuration, a hardware-in- 
the-loop setting has been implemented in a computer testbed at Argonne National Laboratory. An 
arrangement for in-plant experiments is also available. The implemented control system 



demonstrates the potential of enhancing classical control techniques by using modem control 
approaches to improve safety, reliability, and performance. In particular, the tested system shows 
its disturbance rejection and setpoint enforcement capabilities under the observation of a user. In 
this paper, plant disturbances were simulated by changing reactivity or primary flo@. The 
proposed master-follower control system automatically maintained the reactor inlet temmature at 
acceptable levels throughout the whole duration of the experiments by manipulating the secondary 
sodium flow. \ _ -  

Additional research is needed to extend this work. Three phases can be mentioned. First, 
plant measurements can be on-line validated and corrected by using an observer running 
concurrently with the plant. Second, the control scheme can be extended to operate over a broader 
load range. To this end, reconfiguration of the control scheme based on current operating 
conditions is envisioned. And third, a supervisory entity can be integrated with the proposed 
implementation to detect those severe upset events for which there is a more appropriate control 
mode and switch to it. Even though the proposed technique was tailored to solve a particular need, 
the scheme is general enough to be applicable to other sites and problems as well. 
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