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ABSTRACT





The objective of this project is the development of CARE, an adaptable advanced control software that achieves optimal utilization of renewable energy sources, in medium and large size isolated systems with diverse structures and operating conditions by advising operators of possible actions. The insurance of increased security and reliability of the system will allow maximization of renewables penetration. The software includes various modules for:





Forecasting


Load and Renewables (mainly wind) Forecasts are required for both short (several minutes up to several hours ahead) and longer time scales (of the order of several hours up to few days ahead), in order to provide input to the economic dispatch and unit commitment algorithms. A number of modules based on auto-regression, fuzzy neural networks and simpler methods have been developed.





Operational Planning


Unit Commitment functions to advice operators about possible switching on or off of one or more thermal units in the next time step based on load and renewables forecasts and operating status of units and taking into account stochastic nature of wind power, uncertainties in thermal generation, etc. Genetic Algorithms and combinatorial techniques have been applied. In addition, on-line Generation Dispatch functions determine the power output of each generating unit (both thermal and renewables) aiming to minimize operation cost, while satisfying operational constraints. Evolutionary Programming, Genetic Algorithms and Optimization Techniques, like Constrained Linear programming, have been applied to Generation Dispatch.





Security Assessment


Security rules and security functions are required for the detection of insecure dispatching recommendations to the operator (preventive mode) and for on-line security monitoring of pre-specified, probable disturbances. Advanced artificial intelligence techniques, like Decision Trees, Kernel Regression Trees and Artificial Neural Networks have been used to achieve the essential on-line performance.





The above modules are integrated in the CARE package providing optimal advice to isolated power system operators via a user-friendly Man-Machine interface. A prototype of CARE has been interfaced to the on-line SCADA Data Base of the Control Center of Crete. Initial evaluation of this pilot installation has shown satisfactory forecasting results, clear economic gains provided by the economic dispatch advice, timely and accurate assessment of dynamic security. The modular configuration of the CARE software and the standard hardware used enable further installations in other isolated networks in Europe and in developing countries.
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2. OBJECTIVES OF THE PROJECT





The utilization of renewable energy sources for electricity production is of primary importance, in particular in the islands of the European Union and in the developing countries, where electricity is usually produced by oil burning units at high economical and environmental costs. The project has the main objective of building a centralized control system that provides advice on the optimal operating strategy of power systems of large and medium size islands with large-scale integration of renewable energy sources.





Large islands with several hundreds of MWs may be characterized by:


-	Networks with meshed structures;


-	Several conventional fossil-fuelled generation plants;


-	Multiple renewable sources (wind, photo-voltaic, sea waves, small hydro units with or without storage facilities, geothermal)


-	Privately owned plants. Consideration of this non-dispatchable power in particular, changes substantially the control conditions of the utility network, namely the dispatching algorithms and controllable variables.





Medium size islands of tens of MWs, on the other hand, may have simpler structures, however they are often characterized by the potential of very high penetration from renewables and various operating complexities.





The objectives of this project are:





1)	The development of CARE, an adaptable advanced control software that achieves optimal utilization of multi-renewable energy sources, in a wide variety of medium and large size isolated systems with diverse structures and operating conditions by advising operators of possible actions. The insurance of increased security and reliability of the system allows maximization of renewables penetration. The software includes various modules for forecasting, operational planning and on-line security assessment and is highly modular, allowing the integration of the options that are best suited to the particularities of each system. 





2)	The installation of a prototype of CARE on the island of Crete (Greece). The modular configuration of the control system software and the standard hardware used will enable further installations in other isolated networks in Europe and in developing countries.





The intended economic and social impact following the completion of the project is to allow the increase of the penetration of intermittent, renewable power production in medium size and large isolated systems maintaining high reliability and security of operation. The consequent well-known benefits are the reduction of imported fuel, the reduction of fossil-fuel emissions, the increase of the public’s positive attitude toward renewable power production, etc. Moreover, Forecasting Operational Planning and On-Line Security assessment modules were that use advanced optimization and artificial intelligence techniques, specifically designed for this type of medium networks. These techniques are capable to optimize isolated power system operation, even in the absence of renewables, contributing to an economical and secure power supply and generally to a better quality of life.  




















3. TECHNICAL DESCRIPTION





The project CARE was organized in three workpackages consisting of a number of activities. The objectives of each activity were:





WORKPACKAGE  A: CONTROL CENTER SPECIFICATIONS


The objective of this phase was to define the specifications of the advanced control system software and hardware, so that the requirements of a wide variety of modern medium and large size isolated systems in EU are covered. Particular emphasis was given in the easy adaptation and integration of the product in existing SCADA systems.





Activity A1 - Collection of data: The outcome of this activity was to define the power system models that will be used as study cases for the specifications of CARE. The first task in this activity was the evaluation of the performance of the advanced control system suitable for smaller islands and installed in Lemnos within project JOU2-CT92-0053. Data would be collected from isolated networks in the EU of very different sizes, structures and operating philosophies comprising existing and potential renewable sources, volatile and non-volatile, actual operation strategies followed by the local utilities and general security concerns. Three islands were identified initially (Crete, Terceira and Shetland Islands). Moreover, existing projects in French overseas islands would be reviewed and one further island would be selected. One-minute wind speed measurements would be performed in Crete. 





Activity A2 - Steady state and dynamic analysis: The outcome of this activity was to define security problems caused by the renewables in the selected study cases and to identify dangerous situations, if any, that the systems had to be guarded against. For this reason steady state and dynamic analysis studies would be performed in order to detect possible security problems. The studies would comprise steady state analysis for various degrees of renewables penetration and dynamic analysis for transient situations caused by random variations in the primary energy sources and various disturbances in the network. The studies would concern the islands of Crete, Terceira, the Shetlands and one French overseas island.





Activity A3 -  Definition of Control functions and features: The outcome of this activity was the definition of the control functions, i.e. specifications for software and hardware. This activity would provide detailed specifications for the Load and Wind Forecasting, Operational Planning and Security Modules to be integrated in the CARE software. 





WORKPACKAGE B: PREPARATION OF SOFTWARE MODULES


The objective of this workpackage was to produce the Load and Wind Forecasting, Operational Planning and Security Assessment modules according to the specifications.





Activity B1 - Load and Wind Forecasting: This module would forecast load power and power expected from the renewable power sources. Artificial Intelligence techniques and traditional approaches would be used for forecasting. The relative merits and accuracies of the various approaches would be compared taking into account, where possible, data obtained from field measurements. Artificial Intelligence techniques and traditional approaches would be used for forecasting. 





The Load Forecasting module would use Artificial Neural Networks. At the input provisions should be made to accommodate the day, the time, special holidays, sequence of special days and weather conditions. For short-term load analysis, stochastic models would be developed based on time-series analysis. Auto-regressive moving average models (ARMA) would be utilized. The Renewables forecasting module would use artificial intelligence networks, short range global weather forecasts and measurements. The use of artificial neural or neural fuzzy networks would be investigated. 





Activity B2 - Operational Planning: The main task of the operational Planning module was to achieve the maximum exploitation of the renewable energy sources, and in general the most economical operation of the power system maintaining a high level of security of operation. Operational decisions must respect technical and security constraints, be robust regarding forecasting uncertainties and try to optimize economic efficiency for both utilities and private owners. The overall activity included development of the main management block, which interacts to the procedures devoted to particular problems, and development of optimization and network analysis procedures adapted to the needs of isolated systems. Advanced optimization and artificial intelligence techniques would be used.





This activity included development of the main management block, which interacts to the procedures devoted to particular problems, and development of optimization and network analysis procedures adapted to the needs of the kind of networks the system is going to deal with. 





The Main Management Block 





The Main Management Block would control the overall process of advising the operators, by means of conjugating forecast results, optimization procedures for medium and short term operation, and security assessment tools. 





Optimization and Analysis Procedures





The short-term scheduling of generating units


This module would decide the possible switching (on or off) of one or more thermal units in the next time step based on the forecasted loads and renewables power, the operating status of the units and taking into account items like stochastic nature of the wind turbines power output, uncertainties in generation of private owned plants, conflicting interests of utility and privately owned generation plants etc.. Since the decisions at each time-step strongly affect the operation scheduling of all the following time-steps, the procedure would examine a scheduling horizon of some hours ahead (e.g. 2-3 hours). This procedure should be sequentially executed for each time step in the light of the most recent load and wind speed forecasts.





The on-line generation dispatch


Having decided the generation schedule in each time-step, generation dispatch would determine the power output of each generating unit (both thermal and renewable units) in the aspect of minimizing the cost of operation and taking into consideration operational constraints, like thermal limits of the transmission lines, voltage levels at consumer busbars, power output limits of thermal units, etc.





Activity B3 - Security Assessment: The outcome of this task was to develop rules and security functions to be used for the detection of insecure dispatching recommendations to the operator (preventive mode) and for on-line security monitoring. Advanced artificial intelligence techniques, like Decision Trees and Neural Networks would be used to achieve the essential on-line performance.








WORKPACKAGE C: IMPLEMENTATION AND DISSEMINATION


The outcome of this phase is CARE software.





Activity C1 - Integration and Testing: This activity included integration of the various software modules for forecasting, operational planning and security evaluation in a computer software package. Particular emphasis would be placed on the provision of a user-friendly interface to ensure easy use and wide acceptability by the system operators.





Activity C2 – Installation: A pilot installation was foreseen in Crete. This island is characterized by a large network with a very high projected wind power penetration. The CARE control system software would be interfaced with the on-line Data Base of the SCADA system of Crete.





Activity C3 - Evaluation and Meeting with Interested Utilities: The control system software installed would be evaluated against the current operating practice in Crete and the potential benefits and short-comings identified. A workshop would be organized at the end of this activity. The organization of the Workshop would enable the dissemination of results and conclusions of the project. CARE together with other new methods of operation and control tools would be presented, in demonstration sessions, to electric utility professionals of isolated systems, namely technical staff from utilities operating in EU islands and developing countries. 











4. RESULTS AND CONCLUSIONS





4.1 WORKPACKAGE  A: CONTROL CENTER SPECIFICATIONS





4.1.1 Activity A1: Collection of Data 





The performance of the control system installed in Lemnos has been evaluated based on one-minute data recording the system operation. A period of 10 days (Thursday 3rd to Saturday 12th of October 1996) has been selected for the evaluation of the system behavior. Clear economic gains have been observed, as reported in the 1st deliverable report entitled: (Evaluation of the Limnos Prototype Control System(, issued in July 1997.





Electrical data of the power system of Crete have been collected together with a full description of the current Wind parks and of the SCADA system currently in operation together with the system’s future extensions, in order to accommodate new Wind parks. Parts of a typical contract signed with the private owners of the Wind parks, unit operating costs for economic scheduling, 1 minute load time series for 1994-1997 suitable for load forecasting, data on faults and other disturbances, planned extensions of its power system, etc. have been also provided. Based on the data supplied, two models of the power system of Crete have been set up, one as it currently is and one for a foreseen state with increased wind penetration. These data have been included in the 2nd deliverable report (Steady State and Dynamic Analysis of Study Case Islands (Crete, Terceira, Shetlands Isles, New Caledonia)(. In addition, wind measurements on Crete have been carried out. The measuring programme started in April 1997 and concluded in August 1997 at 3 sites, 2 sites at the EAST (Lassithi region) and 1 site at the central Crete (Heraklion region). One minute average wind speed (expected value and standard deviation) and wind direction measurements with a 5 sec sampling rate have been recorded. The selected data were included in the 3rd deliverable report ”Wind Measurements on Crete Island”.





The model of the electrical network of Terceira has been set up based on data provided by EDA (Electricity of Azores) comprising network topology, loads, electrical parameters, machine electrical and mechanical parameters, future wind parks, etc. The collected data are integrated in the report: (Steady State and Dynamic Analysis of Study Case Islands (Crete, Terceira, Shetlands Isles, New Caledonia)(.





The potential for integrating renewable energy sources into the Shetland mesoscale electricity grid  has been assessed. Scenaria for light load and peak load conditions and the corresponding allowable wind generation have been considered. A report on this work was included in the 2nd deliverable report (Steady State and Dynamic Analysis of Study Case Islands (Crete, Terceira, Shetlands Isles, New Caledonia)(.





Data from the power system of New Caledonia has been collected and a system model with increased wind power for low and higher wind penetration has been set up. Results of this work have been included in the 2nd deliverable report (Steady State and Dynamic Analysis of Study Case Islands (Crete, Terceira, Shetlands Isles, New Caledonia)(. Further information on the power system structure, parameters of the generating units and the electrical data of the grid, the characteristics and the profile of the industrial and domestic load, measurements of the transient behavior of the system, detailed measurements from the existing SCADA system, etc. have been collected.





In addition to the contracted work, the dynamic performance of the power system of Crete following several induced disturbances has been recorded in November 1997. (disconnections of 5 MW, 10 MW and 19 MW produced by a Gas Turbine at Chania). These recordings have been processed in order to identify controller parameters of the thermal machines. Results are included in the progress report “Modified Non-Linear Simplex Optimization for the Crete Power System Transients Modelling and Identification” issued in July 1998.





This activity was basically completed at the 7th month. In actual practice however, it has been continued until the 24th month, since new data concerning mainly the installation and operation of new Wind Parks in Crete became available and these could be beneficially used for the development of CARE. 





4.1.2 Activity A2: Steady state and dynamic analysis





Steady state and dynamic analysis of the power system models of Crete, Terceira, Shetland Islands and New Caledonia set up in Activity A1 have been performed. For Crete it was concluded that frequency variations that appear after extreme disturbances can be occasionally very significant. It was also concluded that the optimal determination of the spinning reserve by an advanced Control system would be very beneficial to the system’s operation. From the steady state and dynamic analysis of the power system models of Terceira it was concluded that the introduction of a large share of wind power in this system would be beneficial for its operation. During off-peak loading with maximum wind power penetration however, large frequency excursions can appear in case of severe faults. From the steady state and dynamic analysis of the power system models of Shetlands Isles it was concluded that although the wind park does not affect adversely the transient behaviour of the electric system, the steady state restrictions limit considerably the amount of wind generation that can be connected to the system. It was concluded that the installation of an advanced control system that would allow satisfaction of the steady state restrictions during operation would prove very beneficial for a possible increase of wind power. The New Caledonia study was focused on the detailed modeling of the hydroelectric plants, since the coupling of wind and hydro units is considered of major interest in this study. Hydro-units when subjected to disturbances due to large wind variations present both slow and fast dynamics. It was concluded again, that on-line dynamic security assessment of the system will permit to allocate reasonable amounts of spinning reserve, so that both the operational costs of the power system remain low, and also the system is sufficiently robust to resist disturbances and to operate within acceptable limits. Results from the above studies can be found in the 2nd deliverable report (Steady State and Dynamic Analysis of Study Case Islands (Crete, Terceira, Shetlands Isles, New Caledonia)(.








4.1.3 Activity A3: Definition of Control functions and features





A number of industrial companies have been contacted in order to collect information on existing EMS and DMS products. Emphasis was given to products specialized on the management of autonomous power systems or systems including renewable sources. The collected information was synthesized into an internal report distributed among the partners in June 1997 entitled: “Definition of control structure and features. Information for industrial products”.  Preliminary specifications for the Load and Wind Forecasting, Operational Planning and Security Modules, as well as preliminary proposals for the MMI have been provided in the 4th deliverable report “Preliminary Specifications of the Control System Software”, issued in September 1997. In the second year, the first version of the specifications report was updated by taking into account the progress in the research work, the feedback of the partners on the first version and finally, the results of the various project meetings. The new report was submitted to the European Commission in November 1998 and was used as a support for the software implementation. It is entitled as: "CARE 4th REPORT-Version B : Specifications of the CARE System Software". It includes a description of the software and architectural design requirements. These requirements have been defined with respect to the user requirements, as defined in the contract of the project, and after collaboration with the partners of the CARE project and with the Greek utility of PPC. 





4.2 WORKPACKAGE B: PREPARATION OF SOFTWARE MODULES





4.2.1 Activity B1: Load and Wind Forecasting





B1.1 Load Forecasting





Load forecasts are required for both short (several minutes up to several hours ahead) and long time scales (of the order of several hours ahead up to several days ahead), in order to provide input to the economic dispatch and unit commitment algorithms. Five modules have been developed:


(i)	same time the previous day (scaled for errors between days) 


same time the previous week (scaled for errors between days) 


Winter method 


autoregressive model 


(v)	fuzzy neural network 





Each forecasting module was evaluated against persistence forecasts using Crete load data for 1994, 1995 and 1996. In addition, a program has been developed for the automatic correction of corrupted data and for smoothing available time-series by eliminating the effects of power cuts or black-outs. 





B1.2 Forecasting of Renewables





Three basic methods have been developed:


(i)	linear ARMA models,


(ii)	linear ARMA and fuzzy-neural network models,


(iii)	fuzzy neural network based on geographically distributed wind data.





The methods have been evaluated against persistent forecasts using the wind speed time series data collected on Crete and also using a 364-day database of 1-minute wind speeds from Shetlands. For the implementation of the wind forecasting models, a generic architecture was proposed, so that CARE would become able to integrate meteo-based forecasts in a future stage of the project. 








4.2.2 Activity B2: Operational Planning





Main Management Block





After extensive testing and evaluation of the calculation burden of each module, the basic time step was fixed on 20 min for all the activities (forecasting, security assessment, unit commitment and economic dispatch). Unit commitment will have an horizon of 8 hours ahead (moving window), but tests showed that an outer cycle of 48 hours was needed to define guidelines that take into account the daily cycle of the load.





Optimization and Analysis Procedures





Unit Commitment


Two modules have been developed:


A module based on Genetic Algorithms (GAs), both for the 8 hours and the 48 hours horizons. This approach provides a relatively short computation time, while constraints of the various kinds of generators and security spinning reserve restrictions can be easily included.


A combinatorial Unit Commitment module for both cycles. The current Utility’s operating practice was closely followed. Temperature forecasts were used to determine the maximum available power of the gas turbines.





Economic Dispatch


Four modules have been developed:


A module based on Evolutionary Programming providing a number of advantages over common Genetic Algorithms 


An Optimal Power Flow module based on Constrained Linear Programming. Particular emphasis was given to the feasibility and deficiencies concerning a large penetration of wind power and the operation of Independent Power Producers (IPPs) under three alternative operation modes, i.e. fixed schedule, fixed penetration and economic schedule.


A module based on Genetic Algorithms (GAs). 


A module using the traditional lamda-iteration method, based on the concept of equal incremental cost. The lamda iteration Economic Dispatch algorithm was used as benchmark against which the GA results were tested.








4.2.3 Activity B3: Security Assessment





This activity involved the creation of the learning set and the derivation of rules and security functions. 





Generation of the Learning Set


A unified Learning Set for three disturbances on Crete specified after discussions with the Utility was developed. It comprised approx. 3000 Operating Points covering various loading conditions (low-, medium- and high-load) characterized by the maximum frequency deviation and the maximal rate of frequency change. A similar learning set for Terceira was also developed to be used for the validation of the on-line security modules. 





Development of Security Rules and Procedures


Three methods have been applied:


Decision Trees producing security rules of “if…then…else” type. For each disturbance very compact DTs have been produced with very good performance.


Kernel Regression Trees able to provide security classification results of similar performance and in addition emulation of numerical security indices.


Artificial Neural Networks with one output layer comprising the above two security indices as outputs.





Details of all the algorithms developed within Workpackage B can be found in the 3rd CARE Report (Contract Deliverable B) entitled: “Load and Wind Forecasting, Operational Planning and Security Assessment: Theoretical Background and Flowcharts” issued in July 1998. 








4.3 WORKPACKAGE C: IMPLEMENTATION AND DISSEMINATION





4.3.1. Activity C1: Integration and Testing





A relational database structure based on the Specifications Report developed within activity A3 was developed using the facilities provided by ACCESS. All software modules described in Workpackage B have been incorporated in the CARE package and interfaced according to the two execution cycles defined in the Main Management Block. The various modules exchange their inputs and outputs via the CARE database, which is updated by the SCADA database every minute. The facilities provided by VISUAL BASIC have been used for the completion of this task. A user-friendly man-machine interface has been provided comprising the display of all essential information graphically on a single screen, while a number of “windows” is available on call to provide explanatory information or other results. A demo version of CARE has been submitted in February 1999.





4.3.2. Activity C2: Installation





A pilot installation of the CARE software within the SCADA system of Crete was made under the supervision and with close collaboration of the Utility. 





4.3.3. Activity C3: Evaluation and Meeting with Interested Utilities





The pilot installation of CARE on Crete was evaluated by the Utility. This initial evaluation has shown satisfactory load forecasting and wind forecasting results, close agreement of the Unit Commitment output with the actual operator’s practice, clear economic gains provided by the economic dispatch advice, timely and quite accurate assessment of frequency deviations during the dynamic disturbances recorded. Evaluation over a longer period however is clearly necessary in order to fully appreciate the advantages of CARE and identify further improvements.  





A workshop was organized on Crete on 16-17 July 1999. All members of the Consortium presented in detail the methods applied in CARE and the results of the evaluation. The Workshop included a “live” demonstration of CARE, as running in the SCADA system of Crete and a visit to the Wind Parks of the island. The Workshop was attended by more than 50 participants including engineers from EdF (mainland France and Corsica), EAC (Cyprus), EDA (Azores in Portugal), RISO (Denmark), ABB (Sweden), EPRI (USA), NEDO (Japan). Engineers from PPC, Independent Wind Power Producers from Crete, members of the Technical Chamber of Greece, local authorites etc. have also actively participated.








5. EXPLOITATION PLANS AND ANTICIPATED BENEFITS





CARE, an advanced control software that is able to achieve optimal utilization of renewable energy sources in medium and large size isolated systems by advising operators of possible actions has been produced within the project. A prototype of CARE has been installed on the island of Crete in close collaboration with the local Utility. Initial evaluation of this installation has proved the usefulness of the functions incorporated and has revealed clear economic gains for the system operation. The modular configuration of the control system software and the standard hardware used enable further installations in other isolated networks in Europe and in developing countries. These include the Greek islands on the Aegean sea, the Shetlands and the Isle of Man in UK, Faroes in Denmark, Azores and Madeira in Portugal, Canaries in Spain, New Caledonia and the French Carribean Islands, Cape Verde etc. Three of them, namely Terceira (Azores), the Shetland Islands and New Caledonia have been identified as suitable study cases and have been accordingly analyzed within the project. In addition, particular functions of CARE might be of benefit to large isolated systems, like the one operating in Ireland, where wind power penetration is growing rapidly. 





The close cooperation with Electric Utilities operating isolated networks is of primary importance for further applications of CARE. The project has been developed in close collaboration with the Public Power Corporation (PPC), the Greek electric utility responsible for the operation of many isolated island networks. In addition, Scottish Hydro (SH), Empresa de Electricidade dos Azores (EDA) and the New Caledonian Utility (ENERCAL) have contributed to the progress of the project providing data for the network study cases. EDF, the largest European Utility responsible for the operation of many French overseas islands and ESB the Utility of Ireland have shown interest in the outcome of the CARE project. The partners of CARE believe that this collaboration will greatly facilitate the further utilization of the control system. Concerning the large potential market of the Developing Countries, in particular in Latin America and Africa, the partners of the project, in particular INESC and ARMINES have experience concerning the promotion in these countries of new technologies in the field of energy and have close contacts with local institutions and utilities.





It should be noted, that during the project a number of industrial vendors (ABB, ALSTHOM, CEGELEC, GENERAL ELECTRIC, LANDIS & GYR, SIEMENS, EFACEC-SE and EPRI) have been contacted in order to collect information on existing EMS and DMS products. Emphasis was given to products specialized on the management of autonomous power systems or systems including renewable sources. This market research has shown that industrial products are destined mainly for large interconnected systems. Only one product was found suitable for autonomous power systems, however integration of renewable energies was not considered. The above market review has shown the necessity for the development of an advanced software appropriate for the management of autonomous systems with large penetration from renewables. The CARE software is able to answer this necessity, however collaboration with an industrial vendor might be needed in order to upgrade the prototype developed to an industrial product. Discussions among the CARE partners have lead to initial agreement concerning the rules for further exploitation of the CARE product. 





Regarding the overall impact of the project, it is clear that the increase of renewables penetration in islands maintaining a high degree of security and reliability of their operation is not only a environmental issue, but also constitutes an economic gain in the future. In most situations, that is already the case, if non-subsidized prices for fuel are considered (taking into account investment and operational costs). 





Another aspect that should be mentioned is the fact that within the project Forecasting, Unit Commitment and Economic Dispatch and On-line Security assessment modules will be developed that use advanced optimization and artificial intelligence techniques, specifically designed for this type of medium networks. These techniques are capable to optimize isolated power system operation, even in the absence of renewables, and capable of dealing with private power producers in a deregulated power system environment.




















6. PHOTOGRAPH TO ILLUSTRATE POTENTIAL PRODUCT APPLICATIONS














Main Interface of CARE
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