
An Analysis of Publications on Particle Swarm

Optimisation Applications

Riccardo Poli

Department of Computer Science

University of Essex, UK

rpoli@essex.ac.uk

Department of Computer Science

University of Essex

Technical Report CSM-469

ISSN: 1744-8050
May 2007

Abstract

Particle swarm optimisation (PSO) has been enormously successful. Within little more
than a decade hundreds of papers have reported successful applications of PSO. In fact, there
are so many of them, that it is difficult for PSO practitioners and researchers to have a clear
up-to-date vision of what has been done in the area of PSO applications. This brief paper
attempts to fill this gap, by categorising a large number of publications dealing with PSO
applications stored in the IEEE Xplore database at the time of writing.

1 Introduction

Particle swarm optimisation can be and has been used across a wide range of applications. In
general we can say that areas where PSO has shown particular promise include multimodal prob-
lems and problems for which there is no specialised method available or all specialised methods
give unsatisfactory results. However, it is hard to be much more specific that that. PSO appli-
cations are so numerous and diverse that a whole book would be necessary just to review the
most paradigmatic ones, assuming someone could identify them among the many hundreds of
applications reported in the literature: a really enormous task.

Here we have a much more modest objective: to identify the main classes of applications
where PSO has been successfully deployed. We have based our categorisation on a analysis of
titles and abstracts of the over 1,100 publications on particle swarm optimisation stored, at the
time of writing, in the IEEE Xplore database. Of these publications, around 350 are proposals
for improvements and specialisations of PSO. Around 700 papers (55 of which are journal papers)
can be classified as applications of PSO, although many of them involve also the customisation or
extension of the method to best suit the specific application of interest.1

Although the analysis has been largely manual, because of the large size of this database, to
speed up the work we have made use of several small computer programs which helped us in
the identification of the main categories of applications and gave us a first rough classification of
papers. Categories and class assignments were then checked and adjusted manually one-by-one.
We describe the process in more detail in Section 2.

As a result of this effort we divide PSO applications into 26 different categories. Categories
and related applications are listed in alphabetical order in the subsections of Section 3. For each

1The remaining entries in the database are conference proceedings books and other miscellaneous entries.
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class of applications we indicate what fraction of all the application papers in the IEEE Xplore
is devoted to that class. However, one should bear in mind that many (if not most) papers span
more than one category. For examples, many classifiers are hybrids of PSO and neural networks,
many applications involve some form of design, and so on.

We provide some conclusions in Section 4.

2 Category Selection and Classification

Dividing PSO applications into areas is difficult. So, as we mentioned in the previous section,
we partially mechanised the process. This was done through a number of programs in the Oc-
tave/Matlab language, Xemacs macros and Unix utilities.

We started our analysis by searching the IEEE Xplore database for any papers matching the
search phrase “Particle Swarm Optimization”. This produced around 1,100 hits. Not all of these
represented PSO applications (e.g., many were proposals for improvements and specialisations of
PSO). However, we did not try to directly identify application papers. Instead, we mechanically
extracted all terms used in titles and abstracts. After manually excluding determiners, adjectives,
etc., this produced well over 4,000 unique terms. These were then manually checked for relevance
from the point of view of applications. 928 key terms remained after this filtering process.

We then used the key terms to define a similarity relationship between papers and used papers
to define a similarity relationship between key terms, as follows. Each paper was assigned a vector
with 928 components (as many as our key terms). Each component represented how many times
the corresponding key term appeared in title and abstract of the paper. Given any two papers,
we took the scalar product between the corresponding vectors as the similarity between the two
papers. Similarly, each key term was assigned a vector with 1,100 components (as many as the PSO
papers in IEEE Xplore). Each component represented how many times the key term appeared in
title and abstract of the corresponding paper. We then defined the similarity between key terms
as the scalar product between the corresponding vectors.

These two similarities relationships induce corresponding graph structures on the paper and
key term “spaces”, where each paper/term corresponds to a node and nodes are connected by edges
wherever similarity between corresponding papers/terms is above some prefixed threshold (e.g.,
zero). The edges are weighted by similarity. We can then make use of graph drawing packages
to obtain pictorial representations of PSO application papers, PSO application areas and their
relationships.

For this purpose we used the open-source graph drawing program neato

(http://www.graphviz.org/). In this program the weights of the edges in a graph are in-
terpreted as attractive forces between nodes. Starting from a random placement, the program
iteratively adjusts the position of the nodes in an attempt to minimise the energy in the system.
Attractive forces are balanced by a basic repulsive force between nodes to prevent the graph
from collapsing to a single point. Figures 1 and 2 show two examples of the types of graphs one
obtains.

By zooming on areas where a high density of links are present, one can obtain semi-quantitative
evidence of which are the important application areas in PSO. See, for example, Figure 3 where
we show a zoomed version of Figure 1. One can clearly see there that some terms, such as design,
control, power and antenna, act as “hubs” in PSO applications.

After performing this information gathering exercise, we proceeded to do a more formal analy-
sis. The key terms were scored on the basis of how many papers in the database used such terms in
title and abstract. This further helped identify important application categories. Indeed, the most
frequent terms were “network”, “control”, “model”, “design”, “power”, “neural”, “plan”, “fuzzy”,
“class”, “cluster”, “antenna”, “image”, “planning” and “scheduling”, but many others were iden-
tified as important. Based on this analysis, we created provisional categories (the headings of the
subsections in Section 3).

All PSO papers in the IEEE Xplore database were then mechanically provisionally assigned
to one of the most frequent keywords. Then we manually analysed each publication and either
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Figure 1: Example of graph representation of the key terms relevant to PSO applications and
their relationships. The rest-length for repulsive forces between nodes was set to 9. Only links
(similarities) with strength greater than 5 were passed to neato.

3



_chaotic_cost_dispatch_economic_patch

_agent_combinatorial_complex_constraint_dispatch_line_multiagent_patch_power_reactive_train

_class_dispatch_economic_patch

_dispatch_economic_patch_power_sea_valve

_class_dispatch_economic_patch_power

_dispatch_economic_heat_model_multi_objective_patch_power

_dispatch_ecological_economic_emission_gas_mission_patch_pollutants

_area_areas_cost_dispatch_economic_environment_patch_power_train

_dispatch_economic_gene_patch_simulation

_discrete_dispatch_line_patch_power_reactive_train_constraint_cost_dispatch_economic_patch_quality_train

_constraint_cost_dispatch_economic_gene_line_patch_power_train

_cost_cubic_dispatch_economic_fuel_patch

_attention_dispatch_economic_emission_environment_industry_mission_patch_power

_attention_constraint_dispatch_economic_emission_environment_industry_mission_patch_power_strategy_train

_demand_dispatch_economic_load_patch_power_spinning_train

_cost_dispatch_economic_load_patch_quality

_capacity_city_constraint_dispatch_economic_electric_emission_line_market_mission_model_patch_synthetic_train_transmission

_constraint_dispatch_economic_load_patch_security_train

_constraint_dispatch_economic_flow_gene_line_load_patch_power_scheduling_train_voltage

_dispatch_economic_gene_patch_train_valve

_constraint_dispatch_economic_emission_environment_line_mission_multi_objective_patch_train

_dispatch_economic_embedded_line_load_patch_valve

_cost_dispatch_economic_gene_patch_power_segment

_augmented_control_cost_dispatch_economic_lagrange_load_patch_strategic

_constraint_cost_dispatch_economic_load_patch_power_quality_train_valve

_class_constraint_line_product_train

_agent_compensator_control_discrete_gene_multi_agent_power_reactive_regulator_segment_voltage

_control_damping_flow_load_power_transient

_control_damping_excitation_line_multi_machine_power_stability

_constraint_line_train

_constraint_device_dispatch_economic_gene_mechanism_patch_power_scheduling_security_train

_control_cost_discrete_flow_fuel_power_train

_fault_layer_magnet_network_neural_power_protection_train_transform

_constraint_guarantee_line_property_space_train

_control_dispatch_format_patch_power_reactive_voltage

_control_power_reactive_voltage

_control_demand_fossil_fuel_gene_load_plan_plant_power_pressure

_control_line_power_reactive_security_voltage

_control_design_electric_power_stability_transient

_complex_control_plan_plant_power

_control_damping_design_graph_model_multi_machine_power_transient

_control_gene_grid_power_reactive_sources_voltage_wind

_power_reactive

_control_power_reactive_security_voltage

_control_electric_line_power_reactive_voltage

_control_electric_line_power_reactive_security_voltage

_control_line_lyapunov_power

_agent_automation_control_multi_agent_plan_plant_power

_air_economic_fairness_gene_market_mission_model_power_scheduling_security_transmission

_line_power_reactive

_dispatch_network_patch_power

_constraint_power_survival_train_transfer

_flow_line_power

_area_blackout_catastrophic_combinatorial_defensive_failure_landing_power

_constraint_flow_power_strategy_train

_attention_cost_dispatch_economic_emission_energy_fuel_mission_patch_penetration_power_risk_sources_wind

_diagnosis_fault_line_power_recognized_support_theory_transform

_agent_dispatch_multiagent_patch_power_reactive

_area_areas_fault_line_load_network_power_service_switch

_allocation_dispatch_economic_gene_load_patch_train

_constraint_dispatch_economic_gene_patch_train

_dispatch_economic_patch

_array_cluster_foundation_gene_microarray_technologies

_array_cell_cellular_gate_gene_inference_microarray_model_network_neural_regulator_regulatory

_array_cost_cryptography_gene_graph_sea_signal

_constraint_mechanism_train

_cast_casting_city_electric_forecast_industry_line_load_network_neural_play_support

_cast_casting_economic_electric_forecast_gene_load_model_play_power_secure_stable

_dielectric_dipole_electric_embedded_layer_line_mission_multilayer_pattern_radiation_structure_theory_transform_transmission

_capture_discrete_gene_model_music_network_neural

_city_electric_line_market

_city_cost_electric_environment_industries_market_mechanism_model_simulation

_aggregation_city_contract_customer_electric_industry_load_power_price_purchase_reconfiguration

_constraint_line_quality_train

_compression_flow_model_predict_simulator_specimens_steel_stress_support_temperature_thermal_train

_load_margin_model_stability_voltage

_contingencies_countermeasure_economic_load_power_stability_voltage

_flow_gene_load_power_stability_voltage

_alignment_biomedical_computer_guided_diagnosis_geometric_image_medical_multimodal_plan_planning_therapies_treatment

_detect_entropy_image_segment_theory_treatment_underwater_water

_fusion_image_model_multi_objective

_database_image_sea
_database_image_quality_sea_wavelet

_blood_cell_image_line_network_neural_on_line_segment_train

_acoustic_environment_estimation_model_network_neural_sonar_train_underwater_water

_image_model_segment_snake

_format_gene_image_pixel_segment_spatial

_cancellation_cell_cellular_design_discrete_image_network_neural_noise_plate_template

_class_cognition_detect_image_mechanism_recognition_sea_visual

_encode_gene_rule

_companies_environment_expansion_gene_market_plan_planning_power_cast_city_constraint_electric_forecast_gene_industry_investment_load_plan_planning_power_structure_supply_train

_class_fuzzy_gene_rule

_cell_cellular_gene_inference_model_network_neural_regulator_regulatory

_gene_inference_network_neural_regulator_regulatory

_control_converter_design_disturb_drive_frequency_gene_grid_induction_power_transient_turbine_urban_wind

_expansion_gene_plan_planning

_cluster_k_means

_cluster_grid

_cluster_graph_light_pheromone

_binding_chondrogenesis_complex_gene_model_motif_predict_regulator_regulatory_transcription

_butterfly_chaotic_dissipation_gene_line_model

_cooling_gene_plan_planning_refrigerators_reservoirs_servo_towers

_binary_class_gene_model_rule_structure

_array_cancer_class_diagnosis_gene_identify_microarray_multiclass_supervised_technologies_treatment_tumor

_cancer_class_discovery_gene_patient_predict_prognosis_survival_technologies_treatment

_binary_gene_identified_multimodal_time_series

_area_circuit_gene_pattern

_cutting_gene_stock_train

_circuit_diagnosis_diagnostic_digital_fault_gene_quality_sea

_cluster_gene_sea

_detect_gene_landmark_orthodontic_plan_planning_treatment

_gene

_air_clean_design_energy_gene_insolation_model_multi_source_play_pollution_power_sources_wind

_cost_electric_energy_gene_network_reactive

_back_propagation_gene_network_neural

_electromagnetic_gene_magnet_properties

_electromagnetic_gene_magnet

_antenna_corrugated_engine_gate_gene_oven_capacities_cost_gene_scheduling

_gene_integration

_electromagnetic_gene_magnet_sea

_discrete_gene_salesman_travel

_cast_gene_multicast_quality_routing_service_train

_constraint_gene_inference_satisfaction_sea_train

_band_bandwidth_cell_cellular_gene_mechanism_media_mobile_multimedia_pack_switch

_agent_architecture_attack_control_gene_predator

_layer_mechanism_multilayer_network_neural_power_product_train

_layer_line_network_neural_wavelet

_array_bookkeeping_gene_high_performance_synthesis

_biological_chaotic_class_image_meta_heuristic_model
_aperture_class_image_military_radar_sea_supervised_synthetic_unsupervised

_chaotic_embedded_mechanism_sea_standard

_chaotic_standard

_city_frame_line_mechanism_standard

_chaos_chaotic_complex_control_gene_line_manipulation

_antenna_band_bandwidth_design_geometry_line_plan_shape

_blind_coherence_coherent_format_line_signal

_aperiodic_array_design_dipole_impedance_line_miniature_miniaturization_pack_packed_power

_drive_industrial_kernel_line_monitoring_on_line

_array_attribute_gene_high_performance_synthesis

_control_frequency_gene_load_power

_control_fuzzy_power_reactive_stability_voltage

_area_area_control_control_error_frequency_fuzzy_load_power_proportional_class_constraint_control_design_industrial_line_properties_theory_train

_control_design_fuzzy_structure

_capacitor_control_design_fuzzy_gene_mission_stability_thyristor_transient_transmission

_area_control_design_error_frequency_fuzzy_load_power

_control_design_gene_power_stability_structure

_control_delay_entropy_error_manipulator_network_robot_strategy_track

_control_design_simulation

_array_chip_control_design_field_programmable_fuzzy_gate_line_structure_temperature

_city_control_dream_drive_electric_fuzzy_gas_magnet_motor_noise_traffic_vehicle

_area_control_gene_heat_proportional_thermal

_control_design_servo

_block_commands_control_fuzzy_network_neural_robot_voice

_acquisition_complex_control_design_gene_inverse_knowledge_network_neural_train

_aggregation_control_manipulation_power_reactive_simulate_voltage

_digital_flicker_frequency_power_quality_supply_voltage

_air_aircraft_control_fuzzy_landing_neural

_control_fuzzy_management_network_quality_radio_traffic

_class_control_hydraulic_sea_servo_space_theory

_control_damping_design_excitation_multi_machine_power_sea_simulation_stability_transient

_control_line_model_network_neural_power_predict

_control_design_fuzzy_locomotive_torque

_control_design_gene_heat_steam_target_temperature

_fuzzy_network_neural_rule

_control_fuzzy

_control_design

_control_delay_management_model_network_proportional_queue_route_routers

_control_guarantee_manufacturing_model_predict_scheduling_stability

_complex_control_design_fuzzy_rule_sea_simulation

_control_mobile_plan_planning_robot_space

_area_control_fuzzy_harmony_sea_theory

_blast_car_charging_coke_combustion_control_diagnosis_furnace_fuzzy_gas_model_oven_plan_plant_supply

_control_damping_design_flow_frequency_gate_power_stability_stabilizer

_benchmark_compensator_control_fault_multi_machine_network_power

_compensator_control_damping_design_power_stability

_control_design_neuron

_area_compensator_control_damping_design_line_mission_power_stability_transfer_transient_transmission_voltage

_control_digital_induction_motor_torque

_control_format_plan_plant_transform_z_transformation

_analog_array_control_model_platform_power_proportional_reconfigurable

_compensator_control_corrupted_device_failure_fault_line_malfunction_power_quality_sensor

_control_corrupted_diagnosis_diagnostic_error_failure_monitoring_sensor

_array_control_geometry_high_performance_line_synthesis

_array_battery_collector_control_grid_load_photo_photovoltaic_storage_strategy

_array_control_near_field_plan_strategy

_control_inverse_line_model_network_neural_train

_cast_casting_complex_control_flow_forecast_intersection_model_network_neural_traffic_urban

_chaos_chaotic_control_line_network_neural_predict_strategy

_control_expressway_flow_identify_network_neural_predict_serial_structure_traffic_urban

_control_line_model_network_neural_predict_sea

_asymmetric_asymmetry_control_fuzzy_identifies_line_linguistic_network_neural

_agent_control_format_perceptive_robot

_astringency_cell_clear_control_immunity_promotions_train

_control_design_proportional

_actuator_control_electrostatic_face_line_sea_surface

_chaos_chaotic_control_detect_discrete_gate_gene

_control_fuzzy_gene_transient

_control_feedforward_manipulator_robot_torque_ward

_cast_casting_class_electric_forecast_fuzzy_knowledge_load_multi_objective_pattern_rule

_control_format_fuzzy_relationship

_control_fuzzy_inference_integration_manufacturer_manufacturing_market_plan_planning_product_responsiveness_scheduling

_area_control_design_excitation_gene_power_signal_stabilizer

_cell_control_fuel_membrane_model_plan_plant_predict_proton_regression_support

_control_error_frequency_load_structure

_control_focus_inelastic_network_traffic

_control_coverage_gate_space

_control_fermentation_gene_line

_control_cost_drive_induction_motor_strategy

_car_control_gene_industrial_model_simulation

_area_bio_inspired_control_design_excitation_power_signal_stabilizer

_annealing_context_control_gene_simulate_structure_teaching

_control_detect_embedded_firefighting_fuzzy_landmine_mobile_navigation_radio_robot_sensor_structure

_area_control_electric_identification_model_power_space

_bioreactor_biotic_case_control_line_reactor_reinforcement_symbiotic

_control_fuzzy_predict_strategy

_estimation_regulator_voltage

_aging_bacteria_bacterial_flow_foraging_load_power

_band_design_frequencies_line_mission_multi_band_standard_theory_transform_transmission

_annealing_coding_encoding_gene_routing_simulate_vehicle

_annealing_gene_routing_simulate_vehicle

_compound_constraint_geometric_model_sea_train_transfer

_city_control_format_sea_train_transform

_constraint_geometric_line_memory_sea_train_transform

_line_support_train_ward

_coding_encoding_rule_scheduling_train

_high_speed_line_on_line_passenger_plan_planning_railroad_scheduling_train

_power_train

_augmented_lagrangian_train_transform

_track_train

_case_cases_constraint_train

_line_support_train

_constraint_gene_power_security_train

_complex_feed_forward_graph_network_neural_sea_simulate_supervised_train_ward

_city_format_power_strategy_train

_cabins_circle_constraint_layout_satellite_train

_backpropagation_gene_line_network_neural_organisms_train

_standard_train

_car_class_feedforward_network_neural_train_ward

_comprehensive_error_fuzzy_gene_simulation_strategy_train

_fuzzy_inference_network_structure_train

_fish_school_train

_city_sea_train

_asymmetric_benchmark_train

_backpropagation_identification_network_neural_power_train_ward

_binary_city_constraint_discrete_format_satisfaction_train

_cluster_network_neural_sea_train

_cast_casting_forecast_network_neural_train

_constraint_gate_industrial_train

_constraint_memory_properties_sea_space_train

_chemo_design_disease_drug_face_format_industry_pharmaceutical_quality_sea

_assisted_chemists_computer_assisted_design_drug_industry_mechanism_medicinal_model_pharmaceutical_predict_relationship_structure

_design_engine_sea

_concurrent_database_design_model_product_sea

_environment_mechanism_model_track

_chemical_composition_fuzzy_model_predict_quality_technology

_band_chip_design_inductor_leakage_model_network_on_chip_oxide_plan_spiral_wide_band

_error_estimation_line_model_rule_structure

_design_digital_filter_focus_quantum

_antenna_band_design_fractal_miniaturisation_miniaturised_wireless

_archive_case_catalogs_design_engine_grid_sea_structure

_ciphers_design_sea

_constraint_gene_multi_objective_scheduling_train

_agent_conductors_design_electromagnetic_magnet_strategy

_magnet_motor_price

_antenna_array_electromagnetic_frame_gene_line_magnet_quantum_synthesis

_frequencies_frequency_layer_magnet_multifrequency_multilayer_plan_shielding_shields_structure_thickness

_array_control_phased_arrays_strategy_theory

_array_beam_beamforming_complex_digital_failure_gene

_array_curve_excitation_line_pattern_plan_synthesis_technologies_train

_architecture_array_multi_task_reconfigurable

_antenna_array_beam_design_network_pattern_power_radiating_reconfigurable

_agent_array_control_design_strategy_theory

_array_circuit_digital_gas_gate_mechanism_placement_platform_routing_sources

_aperture_array_directional_excitation_gene_radiating_train

_antenna_array_design_dielectric_electric_face_microstrip_pattern_radiation_surface

_algebraic_complex_discrete_sea_space_stability

_car_discrete_format_salesman_sea_space_transform_travel

_constraint_disturb_manipulator_plan_planning_robot_service_space_train

_combustion_economy_electric_emission_energy_engine_fuel_mission_power_storage_vehicle

_clear_constraint_design_electric_high_performance_mission_nuclear_propulsion_space_train_vehicle

_cast_casting_charge_furnace_model_plan_planning_salesman_scheduling_steel_travel

_cast_casting_charge_disturb_furnace_model_plan_planning_product_scheduling_steel_urban

_car_cast_casting_charge_furnace_model_plan_planning_product_scheduling_simulation_steel_assignment_city_economic_electric_environment_flow_market_model_multi_objective_plan_planning_power_station

_constraint_mission_model_plan_planning_reliability_train_transmission

_mobile_model_obstacle_plan_planning_robot

_floorplan_gene_placement_plan_planning_structure

_energy_gene_plan_planning_plant

_avoidance_mobile_obstacle_plan_planning_play_robot_soccer
_car_cast_casting_charge_furnace_model_plan_planning_scheduling_simulation_steel

_graph_mobile_navigation_plan_planning_robot_technologies

_fuzzy_inference_integration_manufacturing_plan_planning_play_product_scheduling_shop

_cast_demand_forecast_manufacturing_plan_planning_play_product_scheduling_sources

_chaotic_multi_objective_plan_planning_preventive_product_relationship_scheduling

_line_model_plan_plant_scheduling

_cast_casting_forecast_load_model_network_neural

_architecture_identify_network_neural

_antenna_band_broadband_design_frequency_geometric_impedance_model_network_neural_predict_resistance

_model_network_neural_pattern_sensing_train

_cognition_control_gene_image_layer_line_model_multilayer_network_neural_neuron_pattern_perceptrons_recognition_signal_train

_chaotic_complex_control_gauge_network_neural_train

_fish_fuzzy_line_model_network_neural_oxygen_predict

_architecture_model_network_neural_predict_train

_context_control_identification_line_motor_network_neural_on_line_ultrasonic

_capacity_city_demand_economic_funds_line_model_storage

_architecture_model_neural_train

_gate_line_model_network_neural_simulator_strategy

_chip_frequency_high_frequency_inductor_leakage_model_network_on_chip_oxide_resistance_scalable_silicon_spiral

_customer_customization_manufacturing_model_network_platform_product_satisfaction_ward

_cell_cellular_design_network_neural_plate_sea_template

_analog_biological_network_neural_sea

_acquisition_fuzzy_knowledge_layer_network_neural_rule

_complex_decay_feed_forward_mechanism_network_neural_supervised_train_ward

_feed_forward_network_neural_supervised_train_ward

_architecture_network_neural

_class_defect_electric_network_neural_semiconductor_wafer

_biometric_class_cognition_complex_network_neural_recognition_texture_transform_wavelet

_bidirectional_directional_mission_network_power_transmission_wireless

_attribute_cognition_complex_network_neural_pattern_recognition

_composed_identify_network_neural_sea

_chemical_city_control_economic_electric_gas_heat_integration_multi_objective_plan_plant_product_thermoeconomic

_capture_format_line_network_sensor_spatial_transmit_video_wireless

_allocation_client_server_model_network_protocol_wireless

_collection_device_mobile_network_pack_routing_wireless

_cast_casting_control_convection_convective_cooling_heat_identification_line_model_segment_solidification_steel_transfer_volume

_cast_casting_chaotic_cooling_sea_space_steel

_broadcasting_cast_casting_delay_format_gene_mechanism_sea_space

_comprehensive_cost_entrepreneurs_expansion_investment_merchant_mission_network_plan_planning_transmission

_aerial_complex_gate_gene_network_plan_planning_route_unmanned_vehicle

_combinatorial_cost_demand_electric_load_meta_heuristic_plan_planning_power_product

_design_filter_microwave_miniaturization_plan_shape_shapes

_avoidance_complex_environment_mobile_model_multi_objective_obstacle_plan_planning_robot_sea

_model_plan_plane_power

_identification_model_plan_plant_power_thermal

_animal_antenna_biotelemetry_implanted_model_plan_plant_simulation_tissues

_allocation_band_bandwidth_high_speed_network_neural_power_traffic

_cast_casting_energy_multicast_multicasting_network_receiver_routing_sea_sensor_wireless

_complex_design_network_roads_routing_traffic

_camera_capture_car_ccd_color_detect_image_model_picture_segment_technology_traffic

_cast_casting_forecast_load_model_power

_cast_casting_chaos_chaotic_forecast_load_sea

_b_spline_complex_feedforward_identification_layer_line_multilayer_network_neural_ward

_complex_decision_financial_fuzzy_network_neural_risk

_diagnosis_fault_gene_model_network_neural_steam_turbine_wavelet

_architecture_feedforward_format_network_neural_ward

_design_fuzzy_gene_network_neural

_cluster_composition_decomposition_design_entropy_fuzzy_network_neuro_fuzzy

_coding_design_format_line_network_neural_quantizer_speech_transform

_estimation_gene_network_neural_neuron_structure_train

_gene_network_neural

_cluster_database_design_line_network_neural_spatial

_chemical_complex_estimate_estimation_line_network_neural_reactor

_architecture_design_network_neural_predict

_design_digital_network_neural_quantization_quantizer_speech

_design_fuzzy_gene_network

_cost_customer_electric_face_industry_power_quality_reconfiguration_service_supply

_architecture_design_focus_fuzzy_sea

_estimate_frequency_gene_power_quality_signal
_device_mission_network_placement_power_transmission

_design_power_sea_stabilizer

_city_fuzzy_power_relaxation_stabilizer

_area_attention_comprehensive_coverage_electric_power_sea

_fuzzy_identification_line_rule_sea

_class_complex_fuzzy_linguistic_model_rule_support

_class_cluster_fuzzy

_customer_demand_fuzzy_inventory_lead_time_model_policy_replenishment

_cluster_complex_fuzzy_game_logistics_merchant_proprietors_sea_suppliers_theory

_cognitive_detect_fuzzy

_assignment_multi_sensor_sensor_target_track

_line_model_noisy_scheduling_sensor_target_track

_binary_complex_estimation_frame_line_multimodal_network_sea_sensor_target_wireless

_context_cost_environment_investment_mission_multi_objective_network_plan_planning_power_reliability_transmission

_design_expansion_mission_network_plan_planning_transmission

_guarantee_mission_network_plan_planning_transmission_ward

_border_borderline_expansion_line_mission_network_plan_planning_sea_strategy_transmission

_flow_gene_line_mission_power_transmission

_network_plan_planning

_cluster_management_mobile_network_routing_structure_support_wireless

_cluster_network

_complex_control_environment_expansion_gene_incentives_mission_network_pollution_power_technology_transmission

_annealing_plan_planning_simulate_urban

_environment_model_multimodal_standard_track

_class_detect_face_line_network_neural_sea

_complex_demand_mobile_network_placement_plan_planning_service_station

_camera_control_frame_identification_image_robot_track_transform

_cluster_partner_perception_perceptual_robot_visual

_environment_mobile_obstacle_plan_planning_robot

_mobile_robot_sea

_area_areas_collective_control_gate_mobile_robot_sea_target_tracing_unmanned_vehicle

_chemical_environment_mobile_network_odor_robot_sensing_sensor_simulation_theory

_commission_mission_robot_technologies

_cognition_network_neural_pattern_recognition_recognizing_signal_strategy_train

_chaotic_cluster_layer_network_neural_predict_train

_agent_annealing_network_neural_neuron_simulate

_identification_line_model_multimodal_sort_wiener

_fuzzy_identification_line_model_thermal

_design_network

_battery_charge_design_electric_estimator_feedforward_frame_layer_network_neural_pack_vehicle_ward

_agent_design_engine_environment_mobile_mobility_network_pattern_software_wireless

_balancing_binary_load_model_network_reconfiguration

_area_committee_line_market_network_neural_on_line_pricing

_cluster_energy_format_network_sensor_wireless

_agent_autonomic_biomimetic_complex_design_environment_frame_management_multi_agent_network_scalable_service_ubiquitous

_control_monitoring_network_sensor_wireless

_codebook_gas_gene_line_network_neural_space_stress

_detect_network_sea_sensor_vision_wavelength
_identification_line_model_regression_support

_identification_line_model_quantum_wiener

_aggregate_decision_gate_network_support

_architecture_class_design_engine_network

_city_cognition_diagnosis_fault_gearbox_line_network_neural_sea_train

_cell_circuit_detect_floorplan_placement_plan_planning

_cost_emission_energy_management_mission_plan

_city_cluster_congestion_electric_environment_management_market_power_reactive_rescheduling_scheduling

_area_areas_constraint_navigation_sea_train_unmanned_vehicle

_circuit_failure_network_neural_recover_sea

_binary_fuzzy_gene_rule_standard

_complex_fuzzy_identification_rule

_hardware_network_neural_reconfigurable

_binary_model_network_neural_sea

_bluetooth_device_line_mobile_network_protocol_routing_technology

_annealing_cluster_format_k_median_line_media_network_on_line_service_simulate

_class_cognition_cosine_discrete_face_model_neural_recognition_transform

_cognition_image_network_neural_properties_quality_recognition_recognizing

_cognition_recognition_train

_attention_cognition_frame_identify_recognition_scene_sources_visual

_denoising_drive_error_gene_wavelet

_antenna_band_bands_design_fractal_geometry_synthesis

_band_broadband_channel_estimator_frequency_gene_model_signal_spatial_ultrawideband_wideband

_antenna_band_design_device_dielectric_electric_fractal_geometric_miniaturized_plan

_analyzer_antenna_band_design_patch_shape_wideband

_accident_antenna_automotive_band_complex_design_management_multiband_rescue_service_voice_wireless

_antenna_construction_currents_magnet_model_near_field_pattern_plan_predict_radiation

_cable_cluster_environment_ethernet_model_network_security_technology_tethered_ubiquitous_wireless

_feed_forward_fish_network_neural_sea_stability_ward

_design_estimation_horizon_line

_filter_gene_structure

_class_design_filter_gene_line_structure_theory

_blackout_discrete_load_network_power_reconfiguration_skeleton_strategy

_border_energy_identification_market_power_security_track_vulnerability

_coding_discrete_encoding_flow_gene_indices_scheduling_shop

_flow_scheduling_shop

_completion_flow_scheduling_shop

_discrete_environment_flow_job_shop_manufacturing_model_product_scheduling_shop

_environment_flow_model_scheduling_sea

_deliver_earliness_job_shop_line_manufacturer_product_scheduling_shop_tardiness

_environment_grid_scheduling

_environment_grid_scheduling_sources

_collaborative_environment_job_shop_scheduling_shop

_completion_flow_flowshop_scheduling_shop

_hydro_hydrothermal_scheduling_sea_thermal

_canceling_channel_design_error_face_filter_identification_quantum_surface

_design_digital_filter_quantum_train

_design_filter_finite_element_microwave_plan_power

_attenuation_band_design_filter_frequency

_antenna_complex_design_device_electromagnetic_engine_gene_magnet_power_standard

_design_filter_friction_gene_line_microstrip_microwave_sort

_convolution_crystal_defect_design_detect_display_embedded_face_filter_focus_image_low_contrast_manufacturing_play_surface_texture

_agent_coalition_multi_agent_sea_structure

_agent_corporate_frame_incorporate_multi_agent_properties

_assets_city_decision_financial_investment_investor_portfolio_theory

_assets_decision_financial_investment_investor_portfolio_theory_train

_bluetooth_format_network_protocol

_corporate_estimation_filter_gene_incorporate_line

_assembly_line_model_product_semiconductor

_cluster_support_train

_cluster_format_navigating_play_quality

_cluster

_cluster_coding_fuzzy_identification_rule_standard

_model_network_neural

_model

_autoregressive_cast_casting_forecast_identify_line_load_model

_city_model

_blind_city_detect_discrete_model

_cognition_face_graph_landmark_model_recognition_shape

_binary_gene_model

_collision_deformable_detect_model
_frame_fuzzy_identification_model

_decision_focus_gene_investment_market_model_network_neural_stock_ward

_analog_congregation_electric_identify_model_passive_power_thermal_thermoelectric_transform

_block_cascading_circuit_cmos_high_speed_model_on_wafer_scalable_strategic_wafer

_cast_color_model_ocean_reflectance_spectra_ward

_friction_gene_identification_model

_control_environment_frame_manufacturing_model_scheduling_theory

_chip_circuit_design_inductor_model_on_chip_spiral

_breast_cancer_estimation_high_density_indicator_mammogram_model_parenchyma_risk

_binary_case_class_model_multiclass

_city_model_simulate_standard

_detect_execution_failure_fault_model_predict_relationship_reliability_software

_chip_identification_inductor_line_model_on_chip_shape

_control_gene_model_oscillator_quantum_space

_control_gene_model_oscillator_quantum

_benchmark_model_spatial_standard

_error_estimation_identification_model_structure

_fashion_format_model_serial

_environment_filter_gene_model_sea
_animal_model

_cast_casting_constraint_forecast_line_train

_collision_complex_comprehensive_deformable_detect

_control_curve_gene_identification_model_thermal

_binary_class

_model_quantum_space

_complex_economic_line_network_on_line_power_reconfiguration

_city_clear_clearing_electric_market_model_producer_supply

_city_electric_environment_integration_line_market_pricing_security_service_target_voltage

_case_device_electromagnetic_line_magnet_media_shape_ward

_absorber_cluster_complex_corporate_design_electromagnetic_incorporate_magnet

_absorber_city_design_electromagnetic_magnet_rule

_antenna_band_design_finite_difference_multiband_patch_wide_band

_antenna_band_design_impedance_line_multiband_plan_waveguide

_allocation_band_bandwidth_media_multimedia_network_satellite_service_sources_support_wireless

_antenna_band_frequencies_multiple_antenna_power_receiver

_error_face_gene_signal_structure_surface

_cutting_face_milling_model_predict_surface

_antenna_electronic_gate_load_parasitic_switch

_cooker_cost_design_finite_element_heat_heating_induction_power

_area_class_decision_network_neural

_cascading_class_error

_class_error

_biological_class_predict

_class_cognition_detect_pedestrian_recognition_space_track

_area_line_on_line_sea_ward

_cast_format_gene_multicast_quality_routing_service_train

_ancestor_construction_discrete_gene_mechanism_molecular_organisms_phylogenetic_phylogeny_relationship

_analog_image_pixel_synthesis_texture

_patch_sea_synthesis_texture_transfer

_patch_sea_synthesis_texture

_analog_image_patch_photo_synthesis_texture

_constraint_sea_space_train

_feed_forward_network_neural_sea_space_train_ward

_class_cluster_cognition_color_complex_format_gene_image_pattern_quantization_recognition_structure

_annealing_circuit_design_parasitic_simulate_synthesis

_amplifier_annealing_circuit_design_line_parasitic_power_simulate_synthesis_tunneling

_annealing_circuit_design_gene_parasitic_simulate_sort_sorting_synthesis_tunneling

_amplifier_band_broadband_cmos_design_parasitic_ward

_filter_gene_line_structure

_business_case_cost_demand_design_electronic_failure_industrial_product_tolerance

_cost_detect_highways_incident_traffic

_gate_network_neural_product_train

_benchmark_line

_design_filter_low_dispersion

_class_electromagnetic_magnet_mechanics_quantum_rule

_city_design_sea

_aging_dielectric_electric_imaging_inverse_microwave_scatterers_scattering _aging_construction_damping_dielectric_electric_imaging_lossy_microwave_simulation

_aging_construction_imaging_low_resolution_microwave_multi_scale_resolution_scatterers_strategy

_aging_electromagnetic_frequency_imaging_inverse_magnet_microwave_radio

_cognition_database_face_graph_image_recognise_recognition

_annealing_city_cutting_gene_model_placement_sea_simulate_stock

_binary_complex_layer_model_multi_layer_network_relationship_ships_train_ward

_cluster_image_segment

_city_congestion_constraint_electric_grid_management_market_mission_model_pool_power_train_transmission

_cognition_format_image_photo_recognition

_control_demand_inventory_management_model_policies_policy_relaxation_stock

_category_class_identify_network_neural_pattern_pollution_predict_quality_water

_compressor_design_gene_plate

_apple_color_face_format_fruit_image_network_neural_pixel_quality_sort_sorting_surface_technology_vision

_collaborative_decision_design_resolution_sea_standard_support

_alphabet_binary_blind_channel_constraint_detect_discrete_mission_mobile_signal_train_transmission

_blind_format_recover_signal_transform

_diagnosis_fault_magnet_motor_reliability

_complex_space

_access_detect_vision

_construction_image_microwave_standard

_construction_image_microwave

_cast_casting_extrapolation_forecast_support

_gene_kernel_regression_spatial_technology_theory

_collective_environment_filter_gene_kernel_organisms_sensor_sensory

_frame_gene_hydro_hydrothermal_schedule_scheduling_thermal

_car_control_cost_crack_fracture_grinding_material_product_quality_silicon_toughness

_fuzzy_gene_standard

_corporate_incorporate_inheritance_multi_objective

_inheritance_multi_objective

_combinatorial_discrete_fuzzy_shape_theory

_design_filter_gene_microwave_model_plan_sea

_amplifier_band_cmos_design_parasitic_passive_synthesis_wideband

_asymmetric_benchmark_fuzzy

_antenna_construction_near_field_pattern_plan_radiation

_electromagnetic_magnet_plan

_network_plan_planning_sea_sensor_surveillance_traffic_urban_wireless

_agent_board_complex_family_game_layer_play_player_rule_sea_space_train

_ancient_board_chess_eeg_game_layer_play_player

_agent_game_network_neural_play_predict_train

_apple_game_layer_play_player_pong

_agent_checkers_game_gate_knowledge_layer_play_player_structure_train

_decision_demand_logistics_management_market_sea_simulation_strategic_structure_supply

_design_face_magnet_surface

_compensator_currents_device_distortion_harmonic_line_load_motor_power_supplies_switch

_cast_flow_focus_forecast_metropolis

_deliver_model_product_sea_simulation

_model_pack_packages_sea_simulation

_biology_congregation_flow_passive_power_standard

_balancing_car_design_fuzzy_gene_line_sea

_capacitive_case_circuit_design_electronic_environment_industrial_sensor_tolerance

_acoustic_coverage_environment_placement_sensor_sonar

_antenna_car_reflector_shape

_antenna_array_design_engine_gene_radio

_class_filter_structure

_constraint_gene_industry_line_scheduling_train

_circuit_design_sea

_binary_case_circuit_coding_design_encoding

_discrete_line_properties_theory

_array_circuit_digital_gas_gate_placement_platform_routing_sources

_biological_biologically_detect_gene_hacker_immune_intrusion_vulnerability

_cell_environment_graph_graphics_layout_manufacturing_mobile_reconfigurable_robot_simulation_station

_allocation_cell_environment_graph_graphics_layout_manufacturing_reconfigurable_robot_simulation_station_transport

_circuit_digital_organisms

_catastrophic_detect_estimation_failure_fault_induction_industry_motor

_analog_cluster_identification_network_sensor

_gene_material_music_space

_design_energy_layer_network_protocol_reliability_sensor_virtual_vision_wireless

_air_class_delay_proportional_queue_rule_service_traffic

_binding_frame_gene_identification_transcription

_control_gene_grid_micro_grid_penetration_protection_protective_relay

_cast_casting_complex_forecast_load_network_neural_power_sea_space

_acquisition_cost_cutting_knowledge_milling_network_neural_product_quality

_enterprise_focus_format_fuzzy_risk_strategy_virtual

_enterprise_partner_risk_virtual

_class_discrete_enterprise_risk_space_virtual

_collaboration_contract_decision_format_manufacturing_model_partner_protocol_sea

_discrete_earliness_line_tardiness

_gene_knowledge_line_transform_visual
_antenna_array_blind_directional_hardware_simulation

_environment_odor_track

_environment_fusion_mobile_odor_robot

_coding_compression_control_gene_video

_class_cognition_cognitive_detect_frame_image_pattern_recognition_vision_visual

_chain_complex_game_logistics_management_merchant_proprietors_sea_suppliers_supply_theory

_cable_conductors_layer_multilayer_superconducting_temperature_train

_contour_detect_gabor_image_wavelet

_contour_detect_gabor_image_plan_plane_target_track_vehicle_wavelet

_chaotic_cost_dispatch_economic_patch

_agent_combinatorial_complex_constraint_dispatch_line_multiagent_patch_power_reactive_train

_class_dispatch_economic_patch

_dispatch_economic_patch_power_sea_valve

_class_dispatch_economic_patch_power

_dispatch_economic_heat_model_multi_objective_patch_power

_dispatch_ecological_economic_emission_gas_mission_patch_pollutants

_area_areas_cost_dispatch_economic_environment_patch_power_train

_dispatch_economic_gene_patch_simulation

_discrete_dispatch_line_patch_power_reactive_train_constraint_cost_dispatch_economic_patch_quality_train

_constraint_cost_dispatch_economic_gene_line_patch_power_train

_cost_cubic_dispatch_economic_fuel_patch

_attention_dispatch_economic_emission_environment_industry_mission_patch_power

_attention_constraint_dispatch_economic_emission_environment_industry_mission_patch_power_strategy_train

_demand_dispatch_economic_load_patch_power_spinning_train

_cost_dispatch_economic_load_patch_quality

_capacity_city_constraint_dispatch_economic_electric_emission_line_market_mission_model_patch_synthetic_train_transmission

_constraint_dispatch_economic_load_patch_security_train

_constraint_dispatch_economic_flow_gene_line_load_patch_power_scheduling_train_voltage

_dispatch_economic_gene_patch_train_valve

_constraint_dispatch_economic_emission_environment_line_mission_multi_objective_patch_train

_dispatch_economic_embedded_line_load_patch_valve

_cost_dispatch_economic_gene_patch_power_segment

_augmented_control_cost_dispatch_economic_lagrange_load_patch_strategic

_constraint_cost_dispatch_economic_load_patch_power_quality_train_valve

_class_constraint_line_product_train

_agent_compensator_control_discrete_gene_multi_agent_power_reactive_regulator_segment_voltage

_control_damping_flow_load_power_transient

_control_damping_excitation_line_multi_machine_power_stability

_constraint_line_train

_constraint_device_dispatch_economic_gene_mechanism_patch_power_scheduling_security_train

_control_cost_discrete_flow_fuel_power_train

_fault_layer_magnet_network_neural_power_protection_train_transform

_constraint_guarantee_line_property_space_train

_control_dispatch_format_patch_power_reactive_voltage

_control_power_reactive_voltage

_control_demand_fossil_fuel_gene_load_plan_plant_power_pressure

_control_line_power_reactive_security_voltage

_control_design_electric_power_stability_transient

_complex_control_plan_plant_power

_control_damping_design_graph_model_multi_machine_power_transient

_control_gene_grid_power_reactive_sources_voltage_wind

_power_reactive

_control_power_reactive_security_voltage

_control_electric_line_power_reactive_voltage

_control_electric_line_power_reactive_security_voltage

_control_line_lyapunov_power

_agent_automation_control_multi_agent_plan_plant_power

_air_economic_fairness_gene_market_mission_model_power_scheduling_security_transmission

_line_power_reactive

_dispatch_network_patch_power

_constraint_power_survival_train_transfer

_flow_line_power

_area_blackout_catastrophic_combinatorial_defensive_failure_landing_power

_constraint_flow_power_strategy_train

_attention_cost_dispatch_economic_emission_energy_fuel_mission_patch_penetration_power_risk_sources_wind

_diagnosis_fault_line_power_recognized_support_theory_transform

_agent_dispatch_multiagent_patch_power_reactive

_area_areas_fault_line_load_network_power_service_switch

_allocation_dispatch_economic_gene_load_patch_train

_constraint_dispatch_economic_gene_patch_train

_dispatch_economic_patch

_array_cluster_foundation_gene_microarray_technologies

_array_cell_cellular_gate_gene_inference_microarray_model_network_neural_regulator_regulatory

_array_cost_cryptography_gene_graph_sea_signal

_constraint_mechanism_train

_cast_casting_city_electric_forecast_industry_line_load_network_neural_play_support

_cast_casting_economic_electric_forecast_gene_load_model_play_power_secure_stable

_dielectric_dipole_electric_embedded_layer_line_mission_multilayer_pattern_radiation_structure_theory_transform_transmission

_capture_discrete_gene_model_music_network_neural

_city_electric_line_market

_city_cost_electric_environment_industries_market_mechanism_model_simulation

_aggregation_city_contract_customer_electric_industry_load_power_price_purchase_reconfiguration

_constraint_line_quality_train

_compression_flow_model_predict_simulator_specimens_steel_stress_support_temperature_thermal_train

_load_margin_model_stability_voltage

_contingencies_countermeasure_economic_load_power_stability_voltage

_flow_gene_load_power_stability_voltage

_alignment_biomedical_computer_guided_diagnosis_geometric_image_medical_multimodal_plan_planning_therapies_treatment

_detect_entropy_image_segment_theory_treatment_underwater_water

_fusion_image_model_multi_objective

_database_image_sea
_database_image_quality_sea_wavelet

_blood_cell_image_line_network_neural_on_line_segment_train

_acoustic_environment_estimation_model_network_neural_sonar_train_underwater_water

_image_model_segment_snake

_format_gene_image_pixel_segment_spatial

_cancellation_cell_cellular_design_discrete_image_network_neural_noise_plate_template

_class_cognition_detect_image_mechanism_recognition_sea_visual

_encode_gene_rule

_companies_environment_expansion_gene_market_plan_planning_power_cast_city_constraint_electric_forecast_gene_industry_investment_load_plan_planning_power_structure_supply_train

_class_fuzzy_gene_rule

_cell_cellular_gene_inference_model_network_neural_regulator_regulatory

_gene_inference_network_neural_regulator_regulatory

_control_converter_design_disturb_drive_frequency_gene_grid_induction_power_transient_turbine_urban_wind

_expansion_gene_plan_planning

_cluster_k_means

_cluster_grid

_cluster_graph_light_pheromone

_binding_chondrogenesis_complex_gene_model_motif_predict_regulator_regulatory_transcription

_butterfly_chaotic_dissipation_gene_line_model

_cooling_gene_plan_planning_refrigerators_reservoirs_servo_towers

_binary_class_gene_model_rule_structure

_array_cancer_class_diagnosis_gene_identify_microarray_multiclass_supervised_technologies_treatment_tumor

_cancer_class_discovery_gene_patient_predict_prognosis_survival_technologies_treatment

_binary_gene_identified_multimodal_time_series

_area_circuit_gene_pattern

_cutting_gene_stock_train

_circuit_diagnosis_diagnostic_digital_fault_gene_quality_sea

_cluster_gene_sea

_detect_gene_landmark_orthodontic_plan_planning_treatment

_gene

_air_clean_design_energy_gene_insolation_model_multi_source_play_pollution_power_sources_wind

_cost_electric_energy_gene_network_reactive

_back_propagation_gene_network_neural

_electromagnetic_gene_magnet_properties

_electromagnetic_gene_magnet

_antenna_corrugated_engine_gate_gene_oven_capacities_cost_gene_scheduling

_gene_integration

_electromagnetic_gene_magnet_sea

_discrete_gene_salesman_travel

_cast_gene_multicast_quality_routing_service_train

_constraint_gene_inference_satisfaction_sea_train

_band_bandwidth_cell_cellular_gene_mechanism_media_mobile_multimedia_pack_switch

_agent_architecture_attack_control_gene_predator

_layer_mechanism_multilayer_network_neural_power_product_train

_layer_line_network_neural_wavelet

_array_bookkeeping_gene_high_performance_synthesis

_biological_chaotic_class_image_meta_heuristic_model
_aperture_class_image_military_radar_sea_supervised_synthetic_unsupervised

_chaotic_embedded_mechanism_sea_standard

_chaotic_standard

_city_frame_line_mechanism_standard

_chaos_chaotic_complex_control_gene_line_manipulation

_antenna_band_bandwidth_design_geometry_line_plan_shape

_blind_coherence_coherent_format_line_signal

_aperiodic_array_design_dipole_impedance_line_miniature_miniaturization_pack_packed_power

_drive_industrial_kernel_line_monitoring_on_line

_array_attribute_gene_high_performance_synthesis

_control_frequency_gene_load_power

_control_fuzzy_power_reactive_stability_voltage

_area_area_control_control_error_frequency_fuzzy_load_power_proportional_class_constraint_control_design_industrial_line_properties_theory_train

_control_design_fuzzy_structure

_capacitor_control_design_fuzzy_gene_mission_stability_thyristor_transient_transmission

_area_control_design_error_frequency_fuzzy_load_power

_control_design_gene_power_stability_structure

_control_delay_entropy_error_manipulator_network_robot_strategy_track

_control_design_simulation

_array_chip_control_design_field_programmable_fuzzy_gate_line_structure_temperature

_city_control_dream_drive_electric_fuzzy_gas_magnet_motor_noise_traffic_vehicle

_area_control_gene_heat_proportional_thermal

_control_design_servo

_block_commands_control_fuzzy_network_neural_robot_voice

_acquisition_complex_control_design_gene_inverse_knowledge_network_neural_train

_aggregation_control_manipulation_power_reactive_simulate_voltage

_digital_flicker_frequency_power_quality_supply_voltage

_air_aircraft_control_fuzzy_landing_neural

_control_fuzzy_management_network_quality_radio_traffic

_class_control_hydraulic_sea_servo_space_theory

_control_damping_design_excitation_multi_machine_power_sea_simulation_stability_transient

_control_line_model_network_neural_power_predict

_control_design_fuzzy_locomotive_torque

_control_design_gene_heat_steam_target_temperature

_fuzzy_network_neural_rule

_control_fuzzy

_control_design

_control_delay_management_model_network_proportional_queue_route_routers

_control_guarantee_manufacturing_model_predict_scheduling_stability

_complex_control_design_fuzzy_rule_sea_simulation

_control_mobile_plan_planning_robot_space

_area_control_fuzzy_harmony_sea_theory

_blast_car_charging_coke_combustion_control_diagnosis_furnace_fuzzy_gas_model_oven_plan_plant_supply

_control_damping_design_flow_frequency_gate_power_stability_stabilizer

_benchmark_compensator_control_fault_multi_machine_network_power

_compensator_control_damping_design_power_stability

_control_design_neuron

_area_compensator_control_damping_design_line_mission_power_stability_transfer_transient_transmission_voltage

_control_digital_induction_motor_torque

_control_format_plan_plant_transform_z_transformation

_analog_array_control_model_platform_power_proportional_reconfigurable

_compensator_control_corrupted_device_failure_fault_line_malfunction_power_quality_sensor

_control_corrupted_diagnosis_diagnostic_error_failure_monitoring_sensor

_array_control_geometry_high_performance_line_synthesis

_array_battery_collector_control_grid_load_photo_photovoltaic_storage_strategy

_array_control_near_field_plan_strategy

_control_inverse_line_model_network_neural_train

_cast_casting_complex_control_flow_forecast_intersection_model_network_neural_traffic_urban

_chaos_chaotic_control_line_network_neural_predict_strategy

_control_expressway_flow_identify_network_neural_predict_serial_structure_traffic_urban

_control_line_model_network_neural_predict_sea

_asymmetric_asymmetry_control_fuzzy_identifies_line_linguistic_network_neural

_agent_control_format_perceptive_robot

_astringency_cell_clear_control_immunity_promotions_train

_control_design_proportional

_actuator_control_electrostatic_face_line_sea_surface

_chaos_chaotic_control_detect_discrete_gate_gene

_control_fuzzy_gene_transient

_control_feedforward_manipulator_robot_torque_ward

_cast_casting_class_electric_forecast_fuzzy_knowledge_load_multi_objective_pattern_rule

_control_format_fuzzy_relationship

_control_fuzzy_inference_integration_manufacturer_manufacturing_market_plan_planning_product_responsiveness_scheduling

_area_control_design_excitation_gene_power_signal_stabilizer

_cell_control_fuel_membrane_model_plan_plant_predict_proton_regression_support

_control_error_frequency_load_structure

_control_focus_inelastic_network_traffic

_control_coverage_gate_space

_control_fermentation_gene_line

_control_cost_drive_induction_motor_strategy

_car_control_gene_industrial_model_simulation

_area_bio_inspired_control_design_excitation_power_signal_stabilizer

_annealing_context_control_gene_simulate_structure_teaching

_control_detect_embedded_firefighting_fuzzy_landmine_mobile_navigation_radio_robot_sensor_structure

_area_control_electric_identification_model_power_space

_bioreactor_biotic_case_control_line_reactor_reinforcement_symbiotic

_control_fuzzy_predict_strategy

_estimation_regulator_voltage

_aging_bacteria_bacterial_flow_foraging_load_power

_band_design_frequencies_line_mission_multi_band_standard_theory_transform_transmission

_annealing_coding_encoding_gene_routing_simulate_vehicle

_annealing_gene_routing_simulate_vehicle

_compound_constraint_geometric_model_sea_train_transfer

_city_control_format_sea_train_transform

_constraint_geometric_line_memory_sea_train_transform

_line_support_train_ward

_coding_encoding_rule_scheduling_train

_high_speed_line_on_line_passenger_plan_planning_railroad_scheduling_train

_power_train

_augmented_lagrangian_train_transform

_track_train

_case_cases_constraint_train

_line_support_train

_constraint_gene_power_security_train

_complex_feed_forward_graph_network_neural_sea_simulate_supervised_train_ward

_city_format_power_strategy_train

_cabins_circle_constraint_layout_satellite_train

_backpropagation_gene_line_network_neural_organisms_train

_standard_train

_car_class_feedforward_network_neural_train_ward

_comprehensive_error_fuzzy_gene_simulation_strategy_train

_fuzzy_inference_network_structure_train

_fish_school_train

_city_sea_train

_asymmetric_benchmark_train

_backpropagation_identification_network_neural_power_train_ward

_binary_city_constraint_discrete_format_satisfaction_train

_cluster_network_neural_sea_train

_cast_casting_forecast_network_neural_train

_constraint_gate_industrial_train

_constraint_memory_properties_sea_space_train

_chemo_design_disease_drug_face_format_industry_pharmaceutical_quality_sea

_assisted_chemists_computer_assisted_design_drug_industry_mechanism_medicinal_model_pharmaceutical_predict_relationship_structure

_design_engine_sea

_concurrent_database_design_model_product_sea

_environment_mechanism_model_track

_chemical_composition_fuzzy_model_predict_quality_technology

_band_chip_design_inductor_leakage_model_network_on_chip_oxide_plan_spiral_wide_band

_error_estimation_line_model_rule_structure

_design_digital_filter_focus_quantum

_antenna_band_design_fractal_miniaturisation_miniaturised_wireless

_archive_case_catalogs_design_engine_grid_sea_structure

_ciphers_design_sea

_constraint_gene_multi_objective_scheduling_train

_agent_conductors_design_electromagnetic_magnet_strategy

_magnet_motor_price

_antenna_array_electromagnetic_frame_gene_line_magnet_quantum_synthesis

_frequencies_frequency_layer_magnet_multifrequency_multilayer_plan_shielding_shields_structure_thickness

_array_control_phased_arrays_strategy_theory

_array_beam_beamforming_complex_digital_failure_gene

_array_curve_excitation_line_pattern_plan_synthesis_technologies_train

_architecture_array_multi_task_reconfigurable

_antenna_array_beam_design_network_pattern_power_radiating_reconfigurable

_agent_array_control_design_strategy_theory

_array_circuit_digital_gas_gate_mechanism_placement_platform_routing_sources

_aperture_array_directional_excitation_gene_radiating_train

_antenna_array_design_dielectric_electric_face_microstrip_pattern_radiation_surface

_algebraic_complex_discrete_sea_space_stability

_car_discrete_format_salesman_sea_space_transform_travel

_constraint_disturb_manipulator_plan_planning_robot_service_space_train

_combustion_economy_electric_emission_energy_engine_fuel_mission_power_storage_vehicle

_clear_constraint_design_electric_high_performance_mission_nuclear_propulsion_space_train_vehicle

_cast_casting_charge_furnace_model_plan_planning_salesman_scheduling_steel_travel

_cast_casting_charge_disturb_furnace_model_plan_planning_product_scheduling_steel_urban

_car_cast_casting_charge_furnace_model_plan_planning_product_scheduling_simulation_steel_assignment_city_economic_electric_environment_flow_market_model_multi_objective_plan_planning_power_station

_constraint_mission_model_plan_planning_reliability_train_transmission

_mobile_model_obstacle_plan_planning_robot

_floorplan_gene_placement_plan_planning_structure

_energy_gene_plan_planning_plant

_avoidance_mobile_obstacle_plan_planning_play_robot_soccer
_car_cast_casting_charge_furnace_model_plan_planning_scheduling_simulation_steel

_graph_mobile_navigation_plan_planning_robot_technologies

_fuzzy_inference_integration_manufacturing_plan_planning_play_product_scheduling_shop

_cast_demand_forecast_manufacturing_plan_planning_play_product_scheduling_sources

_chaotic_multi_objective_plan_planning_preventive_product_relationship_scheduling

_line_model_plan_plant_scheduling

_cast_casting_forecast_load_model_network_neural

_architecture_identify_network_neural

_antenna_band_broadband_design_frequency_geometric_impedance_model_network_neural_predict_resistance

_model_network_neural_pattern_sensing_train

_cognition_control_gene_image_layer_line_model_multilayer_network_neural_neuron_pattern_perceptrons_recognition_signal_train

_chaotic_complex_control_gauge_network_neural_train

_fish_fuzzy_line_model_network_neural_oxygen_predict

_architecture_model_network_neural_predict_train

_context_control_identification_line_motor_network_neural_on_line_ultrasonic

_capacity_city_demand_economic_funds_line_model_storage

_architecture_model_neural_train

_gate_line_model_network_neural_simulator_strategy

_chip_frequency_high_frequency_inductor_leakage_model_network_on_chip_oxide_resistance_scalable_silicon_spiral

_customer_customization_manufacturing_model_network_platform_product_satisfaction_ward

_cell_cellular_design_network_neural_plate_sea_template

_analog_biological_network_neural_sea

_acquisition_fuzzy_knowledge_layer_network_neural_rule

_complex_decay_feed_forward_mechanism_network_neural_supervised_train_ward

_feed_forward_network_neural_supervised_train_ward

_architecture_network_neural

_class_defect_electric_network_neural_semiconductor_wafer

_biometric_class_cognition_complex_network_neural_recognition_texture_transform_wavelet

_bidirectional_directional_mission_network_power_transmission_wireless

_attribute_cognition_complex_network_neural_pattern_recognition

_composed_identify_network_neural_sea

_chemical_city_control_economic_electric_gas_heat_integration_multi_objective_plan_plant_product_thermoeconomic

_capture_format_line_network_sensor_spatial_transmit_video_wireless

_allocation_client_server_model_network_protocol_wireless

_collection_device_mobile_network_pack_routing_wireless

_cast_casting_control_convection_convective_cooling_heat_identification_line_model_segment_solidification_steel_transfer_volume

_cast_casting_chaotic_cooling_sea_space_steel

_broadcasting_cast_casting_delay_format_gene_mechanism_sea_space

_comprehensive_cost_entrepreneurs_expansion_investment_merchant_mission_network_plan_planning_transmission

_aerial_complex_gate_gene_network_plan_planning_route_unmanned_vehicle

_combinatorial_cost_demand_electric_load_meta_heuristic_plan_planning_power_product

_design_filter_microwave_miniaturization_plan_shape_shapes

_avoidance_complex_environment_mobile_model_multi_objective_obstacle_plan_planning_robot_sea

_model_plan_plane_power

_identification_model_plan_plant_power_thermal

_animal_antenna_biotelemetry_implanted_model_plan_plant_simulation_tissues

_allocation_band_bandwidth_high_speed_network_neural_power_traffic

_cast_casting_energy_multicast_multicasting_network_receiver_routing_sea_sensor_wireless

_complex_design_network_roads_routing_traffic

_camera_capture_car_ccd_color_detect_image_model_picture_segment_technology_traffic

_cast_casting_forecast_load_model_power

_cast_casting_chaos_chaotic_forecast_load_sea

_b_spline_complex_feedforward_identification_layer_line_multilayer_network_neural_ward

_complex_decision_financial_fuzzy_network_neural_risk

_diagnosis_fault_gene_model_network_neural_steam_turbine_wavelet

_architecture_feedforward_format_network_neural_ward

_design_fuzzy_gene_network_neural

_cluster_composition_decomposition_design_entropy_fuzzy_network_neuro_fuzzy

_coding_design_format_line_network_neural_quantizer_speech_transform

_estimation_gene_network_neural_neuron_structure_train

_gene_network_neural

_cluster_database_design_line_network_neural_spatial

_chemical_complex_estimate_estimation_line_network_neural_reactor

_architecture_design_network_neural_predict

_design_digital_network_neural_quantization_quantizer_speech

_design_fuzzy_gene_network

_cost_customer_electric_face_industry_power_quality_reconfiguration_service_supply

_architecture_design_focus_fuzzy_sea

_estimate_frequency_gene_power_quality_signal
_device_mission_network_placement_power_transmission

_design_power_sea_stabilizer

_city_fuzzy_power_relaxation_stabilizer

_area_attention_comprehensive_coverage_electric_power_sea

_fuzzy_identification_line_rule_sea

_class_complex_fuzzy_linguistic_model_rule_support

_class_cluster_fuzzy

_customer_demand_fuzzy_inventory_lead_time_model_policy_replenishment

_cluster_complex_fuzzy_game_logistics_merchant_proprietors_sea_suppliers_theory

_cognitive_detect_fuzzy

_assignment_multi_sensor_sensor_target_track

_line_model_noisy_scheduling_sensor_target_track

_binary_complex_estimation_frame_line_multimodal_network_sea_sensor_target_wireless

_context_cost_environment_investment_mission_multi_objective_network_plan_planning_power_reliability_transmission

_design_expansion_mission_network_plan_planning_transmission

_guarantee_mission_network_plan_planning_transmission_ward

_border_borderline_expansion_line_mission_network_plan_planning_sea_strategy_transmission

_flow_gene_line_mission_power_transmission

_network_plan_planning

_cluster_management_mobile_network_routing_structure_support_wireless

_cluster_network

_complex_control_environment_expansion_gene_incentives_mission_network_pollution_power_technology_transmission

_annealing_plan_planning_simulate_urban

_environment_model_multimodal_standard_track

_class_detect_face_line_network_neural_sea

_complex_demand_mobile_network_placement_plan_planning_service_station

_camera_control_frame_identification_image_robot_track_transform

_cluster_partner_perception_perceptual_robot_visual

_environment_mobile_obstacle_plan_planning_robot

_mobile_robot_sea

_area_areas_collective_control_gate_mobile_robot_sea_target_tracing_unmanned_vehicle

_chemical_environment_mobile_network_odor_robot_sensing_sensor_simulation_theory

_commission_mission_robot_technologies

_cognition_network_neural_pattern_recognition_recognizing_signal_strategy_train

_chaotic_cluster_layer_network_neural_predict_train

_agent_annealing_network_neural_neuron_simulate

_identification_line_model_multimodal_sort_wiener

_fuzzy_identification_line_model_thermal

_design_network

_battery_charge_design_electric_estimator_feedforward_frame_layer_network_neural_pack_vehicle_ward

_agent_design_engine_environment_mobile_mobility_network_pattern_software_wireless

_balancing_binary_load_model_network_reconfiguration

_area_committee_line_market_network_neural_on_line_pricing

_cluster_energy_format_network_sensor_wireless

_agent_autonomic_biomimetic_complex_design_environment_frame_management_multi_agent_network_scalable_service_ubiquitous

_control_monitoring_network_sensor_wireless

_codebook_gas_gene_line_network_neural_space_stress

_detect_network_sea_sensor_vision_wavelength
_identification_line_model_regression_support

_identification_line_model_quantum_wiener

_aggregate_decision_gate_network_support

_architecture_class_design_engine_network

_city_cognition_diagnosis_fault_gearbox_line_network_neural_sea_train

_cell_circuit_detect_floorplan_placement_plan_planning

_cost_emission_energy_management_mission_plan

_city_cluster_congestion_electric_environment_management_market_power_reactive_rescheduling_scheduling

_area_areas_constraint_navigation_sea_train_unmanned_vehicle

_circuit_failure_network_neural_recover_sea

_binary_fuzzy_gene_rule_standard

_complex_fuzzy_identification_rule

_hardware_network_neural_reconfigurable

_binary_model_network_neural_sea

_bluetooth_device_line_mobile_network_protocol_routing_technology

_annealing_cluster_format_k_median_line_media_network_on_line_service_simulate

_class_cognition_cosine_discrete_face_model_neural_recognition_transform

_cognition_image_network_neural_properties_quality_recognition_recognizing

_cognition_recognition_train

_attention_cognition_frame_identify_recognition_scene_sources_visual

_denoising_drive_error_gene_wavelet

_antenna_band_bands_design_fractal_geometry_synthesis

_band_broadband_channel_estimator_frequency_gene_model_signal_spatial_ultrawideband_wideband

_antenna_band_design_device_dielectric_electric_fractal_geometric_miniaturized_plan

_analyzer_antenna_band_design_patch_shape_wideband

_accident_antenna_automotive_band_complex_design_management_multiband_rescue_service_voice_wireless

_antenna_construction_currents_magnet_model_near_field_pattern_plan_predict_radiation

_cable_cluster_environment_ethernet_model_network_security_technology_tethered_ubiquitous_wireless

_feed_forward_fish_network_neural_sea_stability_ward

_design_estimation_horizon_line

_filter_gene_structure

_class_design_filter_gene_line_structure_theory

_blackout_discrete_load_network_power_reconfiguration_skeleton_strategy

_border_energy_identification_market_power_security_track_vulnerability

_coding_discrete_encoding_flow_gene_indices_scheduling_shop

_flow_scheduling_shop

_completion_flow_scheduling_shop

_discrete_environment_flow_job_shop_manufacturing_model_product_scheduling_shop

_environment_flow_model_scheduling_sea

_deliver_earliness_job_shop_line_manufacturer_product_scheduling_shop_tardiness

_environment_grid_scheduling

_environment_grid_scheduling_sources

_collaborative_environment_job_shop_scheduling_shop

_completion_flow_flowshop_scheduling_shop

_hydro_hydrothermal_scheduling_sea_thermal

_canceling_channel_design_error_face_filter_identification_quantum_surface

_design_digital_filter_quantum_train

_design_filter_finite_element_microwave_plan_power

_attenuation_band_design_filter_frequency

_antenna_complex_design_device_electromagnetic_engine_gene_magnet_power_standard

_design_filter_friction_gene_line_microstrip_microwave_sort

_convolution_crystal_defect_design_detect_display_embedded_face_filter_focus_image_low_contrast_manufacturing_play_surface_texture

_agent_coalition_multi_agent_sea_structure

_agent_corporate_frame_incorporate_multi_agent_properties

_assets_city_decision_financial_investment_investor_portfolio_theory

_assets_decision_financial_investment_investor_portfolio_theory_train

_bluetooth_format_network_protocol

_corporate_estimation_filter_gene_incorporate_line

_assembly_line_model_product_semiconductor

_cluster_support_train

_cluster_format_navigating_play_quality

_cluster

_cluster_coding_fuzzy_identification_rule_standard

_model_network_neural

_model

_autoregressive_cast_casting_forecast_identify_line_load_model

_city_model

_blind_city_detect_discrete_model

_cognition_face_graph_landmark_model_recognition_shape

_binary_gene_model

_collision_deformable_detect_model
_frame_fuzzy_identification_model

_decision_focus_gene_investment_market_model_network_neural_stock_ward

_analog_congregation_electric_identify_model_passive_power_thermal_thermoelectric_transform

_block_cascading_circuit_cmos_high_speed_model_on_wafer_scalable_strategic_wafer

_cast_color_model_ocean_reflectance_spectra_ward

_friction_gene_identification_model

_control_environment_frame_manufacturing_model_scheduling_theory

_chip_circuit_design_inductor_model_on_chip_spiral

_breast_cancer_estimation_high_density_indicator_mammogram_model_parenchyma_risk

_binary_case_class_model_multiclass

_city_model_simulate_standard

_detect_execution_failure_fault_model_predict_relationship_reliability_software

_chip_identification_inductor_line_model_on_chip_shape

_control_gene_model_oscillator_quantum_space

_control_gene_model_oscillator_quantum

_benchmark_model_spatial_standard

_error_estimation_identification_model_structure

_fashion_format_model_serial

_environment_filter_gene_model_sea
_animal_model

_cast_casting_constraint_forecast_line_train

_collision_complex_comprehensive_deformable_detect

_control_curve_gene_identification_model_thermal

_binary_class

_model_quantum_space

_complex_economic_line_network_on_line_power_reconfiguration

_city_clear_clearing_electric_market_model_producer_supply

_city_electric_environment_integration_line_market_pricing_security_service_target_voltage

_case_device_electromagnetic_line_magnet_media_shape_ward

_absorber_cluster_complex_corporate_design_electromagnetic_incorporate_magnet

_absorber_city_design_electromagnetic_magnet_rule

_antenna_band_design_finite_difference_multiband_patch_wide_band

_antenna_band_design_impedance_line_multiband_plan_waveguide

_allocation_band_bandwidth_media_multimedia_network_satellite_service_sources_support_wireless

_antenna_band_frequencies_multiple_antenna_power_receiver

_error_face_gene_signal_structure_surface

_cutting_face_milling_model_predict_surface

_antenna_electronic_gate_load_parasitic_switch

_cooker_cost_design_finite_element_heat_heating_induction_power

_area_class_decision_network_neural

_cascading_class_error

_class_error

_biological_class_predict

_class_cognition_detect_pedestrian_recognition_space_track

_area_line_on_line_sea_ward

_cast_format_gene_multicast_quality_routing_service_train

_ancestor_construction_discrete_gene_mechanism_molecular_organisms_phylogenetic_phylogeny_relationship

_analog_image_pixel_synthesis_texture

_patch_sea_synthesis_texture_transfer

_patch_sea_synthesis_texture

_analog_image_patch_photo_synthesis_texture

_constraint_sea_space_train

_feed_forward_network_neural_sea_space_train_ward

_class_cluster_cognition_color_complex_format_gene_image_pattern_quantization_recognition_structure

_annealing_circuit_design_parasitic_simulate_synthesis

_amplifier_annealing_circuit_design_line_parasitic_power_simulate_synthesis_tunneling

_annealing_circuit_design_gene_parasitic_simulate_sort_sorting_synthesis_tunneling

_amplifier_band_broadband_cmos_design_parasitic_ward

_filter_gene_line_structure

_business_case_cost_demand_design_electronic_failure_industrial_product_tolerance

_cost_detect_highways_incident_traffic

_gate_network_neural_product_train

_benchmark_line

_design_filter_low_dispersion

_class_electromagnetic_magnet_mechanics_quantum_rule

_city_design_sea

_aging_dielectric_electric_imaging_inverse_microwave_scatterers_scattering _aging_construction_damping_dielectric_electric_imaging_lossy_microwave_simulation

_aging_construction_imaging_low_resolution_microwave_multi_scale_resolution_scatterers_strategy

_aging_electromagnetic_frequency_imaging_inverse_magnet_microwave_radio

_cognition_database_face_graph_image_recognise_recognition

_annealing_city_cutting_gene_model_placement_sea_simulate_stock

_binary_complex_layer_model_multi_layer_network_relationship_ships_train_ward

_cluster_image_segment

_city_congestion_constraint_electric_grid_management_market_mission_model_pool_power_train_transmission

_cognition_format_image_photo_recognition

_control_demand_inventory_management_model_policies_policy_relaxation_stock

_category_class_identify_network_neural_pattern_pollution_predict_quality_water

_compressor_design_gene_plate

_apple_color_face_format_fruit_image_network_neural_pixel_quality_sort_sorting_surface_technology_vision

_collaborative_decision_design_resolution_sea_standard_support

_alphabet_binary_blind_channel_constraint_detect_discrete_mission_mobile_signal_train_transmission

_blind_format_recover_signal_transform

_diagnosis_fault_magnet_motor_reliability

_complex_space

_access_detect_vision

_construction_image_microwave_standard

_construction_image_microwave

_cast_casting_extrapolation_forecast_support

_gene_kernel_regression_spatial_technology_theory

_collective_environment_filter_gene_kernel_organisms_sensor_sensory

_frame_gene_hydro_hydrothermal_schedule_scheduling_thermal

_car_control_cost_crack_fracture_grinding_material_product_quality_silicon_toughness

_fuzzy_gene_standard

_corporate_incorporate_inheritance_multi_objective

_inheritance_multi_objective

_combinatorial_discrete_fuzzy_shape_theory

_design_filter_gene_microwave_model_plan_sea

_amplifier_band_cmos_design_parasitic_passive_synthesis_wideband

_asymmetric_benchmark_fuzzy

_antenna_construction_near_field_pattern_plan_radiation

_electromagnetic_magnet_plan

_network_plan_planning_sea_sensor_surveillance_traffic_urban_wireless

_agent_board_complex_family_game_layer_play_player_rule_sea_space_train

_ancient_board_chess_eeg_game_layer_play_player

_agent_game_network_neural_play_predict_train

_apple_game_layer_play_player_pong

_agent_checkers_game_gate_knowledge_layer_play_player_structure_train

_decision_demand_logistics_management_market_sea_simulation_strategic_structure_supply

_design_face_magnet_surface

_compensator_currents_device_distortion_harmonic_line_load_motor_power_supplies_switch

_cast_flow_focus_forecast_metropolis

_deliver_model_product_sea_simulation

_model_pack_packages_sea_simulation

_biology_congregation_flow_passive_power_standard

_balancing_car_design_fuzzy_gene_line_sea

_capacitive_case_circuit_design_electronic_environment_industrial_sensor_tolerance

_acoustic_coverage_environment_placement_sensor_sonar

_antenna_car_reflector_shape

_antenna_array_design_engine_gene_radio

_class_filter_structure

_constraint_gene_industry_line_scheduling_train

_circuit_design_sea

_binary_case_circuit_coding_design_encoding

_discrete_line_properties_theory

_array_circuit_digital_gas_gate_placement_platform_routing_sources

_biological_biologically_detect_gene_hacker_immune_intrusion_vulnerability

_cell_environment_graph_graphics_layout_manufacturing_mobile_reconfigurable_robot_simulation_station

_allocation_cell_environment_graph_graphics_layout_manufacturing_reconfigurable_robot_simulation_station_transport

_circuit_digital_organisms

_catastrophic_detect_estimation_failure_fault_induction_industry_motor

_analog_cluster_identification_network_sensor

_gene_material_music_space

_design_energy_layer_network_protocol_reliability_sensor_virtual_vision_wireless

_air_class_delay_proportional_queue_rule_service_traffic

_binding_frame_gene_identification_transcription

_control_gene_grid_micro_grid_penetration_protection_protective_relay

_cast_casting_complex_forecast_load_network_neural_power_sea_space

_acquisition_cost_cutting_knowledge_milling_network_neural_product_quality

_enterprise_focus_format_fuzzy_risk_strategy_virtual

_enterprise_partner_risk_virtual

_class_discrete_enterprise_risk_space_virtual

_collaboration_contract_decision_format_manufacturing_model_partner_protocol_sea

_discrete_earliness_line_tardiness

_gene_knowledge_line_transform_visual
_antenna_array_blind_directional_hardware_simulation

_environment_odor_track

_environment_fusion_mobile_odor_robot

_coding_compression_control_gene_video

_class_cognition_cognitive_detect_frame_image_pattern_recognition_vision_visual

_chain_complex_game_logistics_management_merchant_proprietors_sea_suppliers_supply_theory

_cable_conductors_layer_multilayer_superconducting_temperature_train

_contour_detect_gabor_image_wavelet

_contour_detect_gabor_image_plan_plane_target_track_vehicle_wavelet

Figure 2: Example of graph representation of PSO application papers and their relationships.
Papers are labelled with the list of key terms appearing in their title and abstract. The rest-
length for repulsive forces between nodes was set to 9. Only links (similarities) with strength
greater than 9 were passed to neato.
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Figure 3: Zoomed version of Figure 1.

confirmed the mechanical classification, moved the paper to a different category, deleted the paper
if it was not an application paper, or, occasionally, created a new category for that paper.

The result of this process is reported in the next section.

3 PSO Applications

3.1 Antennas

The area of antenna design is extremely popular with approximately 6 % of all application papers
in the IEEE Xplore database covering this area. Applications include (see [234]): the optimal
control [109, 30, 42, 336, 136] and design [168, 257, 49, 48] of phased arrays, broadband antenna
design [259, 231] and modelling [260], design of Yagi-Uda arrays [40, 39, 609, 364], array failure
correction [597], optimisation of profiled corrugated horn antennas [440], optimisation of a reflec-
tarray antenna [172], far-field radiation pattern reconstruction [418, 559], antenna modelling [560],
design of planar antennas [350, 275], conformal antenna array design [148, 50], design of patch
antennas [233], antenna miniaturisation [28, 41], design of multi-band antennas [369, 32], design of
aperiodic antenna arrays [235], near-field antenna measurements [421], synthesis of antenna arrays
[71, 607], reflector antennas [169], adaptive array antennas [264], design of implantable antennas
[428].

3.2 Biomedical

Biological, medical and pharmaceutical applications are also very popular with approximately 4%
of all application papers in the IEEE Xplore database covering these areas. Applications include:
human tremor analysis for the diagnosis of Parkinson’s disease [126], inference of gene regulatory
networks [576, 443, 434, 577, 326], human movement biomechanics optimisation [255], phylogenetic

5



tree reconstruction [334], cancer classification [574, 442, 449, 335] and survival prediction [575],
DNA motif detection [187], gene clustering [566], identification of transcription factor binding sites
in DNA [64], biomarker selection [435], protein structure prediction [112] and docking [306], drug
design [401, 546, 60, 59], radiotherapy planning [292], analysis of brain magnetoencephalography
data [568], RNA secondary structure determination [378, 378], electroencephalogram analysis [427],
biometrics [508].

3.3 Communication Networks

The design and optimisation of communication networks is the subject of around 30 papers (4%)
in the applications database. Applications include: bluetooth networks [373, 208], auto-tuning
for universal mobile telecommunication system networks [124], optimal equipment placement in
mobile communication [595, 379], routing [223, 489, 56, 528, 529, 527], radar networks [520],
wavelength-division-multiplexed network [295], peer-to-peer networks [229], TCP network control
[358], bandwidth and channel allocation [135, 634, 656, 589], WDM telecommunication networks
[492, 76, 628], wireless networks [272, 374, 85], grouped-and-delayed broadcasting [533], bandwidth
reservation [209].

3.4 Clustering and Classification

Clustering, classification and data mining are the topics of approximately 30 papers (4 %) in the
bibliography. Applications include: clustering [69, 178, 89, 506, 453], clustering in large spatial
databases [590, 321], dynamic clustering [301, 617], dimensionality reduction [128, 97], genetic-
programming-based classification [591, 397], fuzzy clustering [536, 444, 621], cascading classifiers
[395], classification threshold optimisation [396], classification of hierarchical biological data [193],
electrical wafer sort classification [365], document and information clustering [95, 526], data mining
[469, 371, 167], feature selection [22, 460, 150, 486].

3.5 Combinatorial optimisation

Around 20 papers (2 %) in the database deal with combinatorial optimisation problems. These
include applications on: floorplanning [480, 201], travelling-sales man problems [655, 407, 408,
328, 454, 530, 524], packing and knapsack [579, 307, 457, 457], minimum spanning trees [170],
satisfiability [2], path optimisation [659], knights cover problem [155], n-queens problem [204],
layout optimisation [385], vehicle routing [555, 44, 661], urban planning [12], FPGA placement
and routing [180].

3.6 Control

Control applications have one of the largest shares (7%) of application papers in the IEEE Xplore
database. Application areas include: automatic generation control tuning [1], design of controllers
[45], traffic flow control [331], adaptive inverse control [545], predictive control [563, 564], PI and
PID controllers [542, 238, 202, 551, 160, 245, 200, 184, 425, 504, 398, 103, 324, 611, 10, 70, 586],
strip flatness control [573], ultrasonic motor control [194], power plants and systems control [189,
250, 602, 280, 87, 14, 52, 156, 510, 251, 34, 243, 392], control of chaotic systems [162, 300], process
control [498, 91], adaptive PMD compensation in WDM networks [629], fractional order controllers
[600], combustion control [262], inertia system control [355], automatic landing control [244].

3.7 Design

Around 5% of the bibliography is devoted to design applications. These include: conceptual
design [322], induction heating cooker design [196], VLSI design [416, 125], RF circuit synthesis
[411, 18], worst case electronic design [472, 473], filter design [37, 541, 36, 214], antenna design
[319, 31, 29, 232], CMOS wideband amplifier design [412], motor design [35, 554], logic circuits
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design [332, 88, 375], power systems [6], transmission lines [256], mechanical design [117, 317, 288],
electromagnetics [94, 116], case library search [660].

3.8 Distribution networks

Design and restructuring of electricity networks and load dispatching are among the problems most
frequently attacked with PSO, occupying around 7 % of the applications bibliography. Applica-
tions include: transmission network planning [431, 447, 237, 386, 627], network reconfiguration and
expansion [592, 522, 236, 249, 466, 273, 253, 452], distributed generation [383, 514], micro-grids
[610], economic dispatch problem [494, 276, 158, 513, 132, 538, 640, 639, 67, 199, 532, 230, 21, 20,
159, 539, 587, 414, 405, 493, 463, 448, 413, 271, 8, 415, 281, 359], voltage regulation [394, 100],
congestion management [581, 356].

3.9 Electronics and Electromagnetics

A substantial proportion of the papers in the IEEE database describe applications in the areas of
electronics and electromagnetics. Here we list further applications representing approximately 6%
of the database. These include: on-chip inductors [346, 347, 348, 43], fuel cells [432], FPGA-based
temperature control [240], AC transmission system control [329], electromagnetic shape design
[38, 9], microwave filters [344, 353], generic electromagnetics design and optimisation applications
[173, 174, 176, 175, 192, 354, 439, 368], linear array antenna synthesis [367], RF IC design and
optimisation [17, 82], semiconductor optimisation [534, 569], high-speed CMOS [459], conductors
[166, 540], frequency selective surface and absorber design [164, 93, 165], CMOS RF wideband
amplifier design [410], voltage flicker measurement [15], circuit synthesis [430], shielding [352],
configuration of FPGAs and parallel processor arrays [490, 491, 219, 512], digital circuit design
[179].

3.10 Engines and Motors

Around 10 papers (1.5%) in the applications bibliography deal with the design or optimisation of
engines and electrical motors. Topics include: engine data classification [54], locomotive torque
control [341], motor control in electric and hybrid vehicles [137, 547], induction motor speed control
[183], direct motor torque control [55], fault and parameter estimation in induction motors [138,
419], optimisation of internal combustion engines [429], optimisation of nuclear electric propulsion
systems [118].

3.11 Entertainment

Music generation and games have also a small niche in PSO applications, occupying approximately
(1.3%) in the applications publication database. In the area of games, applications include: anal-
ysis of leaf nodes in game trees [363], learning to play board games [92, 153, 4, 3], iterated prisoner
dilemma [154], learning to play solo Pong [277]. In the area of music, swarms have been used for
interactive music improvisation [47, 46].

3.12 Faults

The detection or diagnosis of faults and the recovery from them occupies approximately (2.4%)
of the application papers in the bibliography. Topics include: fault diagnosis of steam-turbine
generators [562], circuits that automatically recover from component failure [191], gearbox fault
diagnosis [195], automatic defect classification in semiconductor wafers [366], service restoration
in power distribution [548, 604], fault-tolerant power systems [424], missing sensors restoration
[129], fault diagnosis in digital circuits [198], test pattern generation for circuits [197], software
fault detection [458], defensive islanding of power system [320], power transformers fault diagnosis
[282], optimisation of repairable systems [16], diagnosis of faults in motors [314, 138].
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3.13 Financial

Around 1% of the papers in the bibliography have to do with finance and economics. Topics
include: financial risk early warning [608], investment decision-making [380], option pricing [107],
investment portfolio selection [73, 571], electricity market [130, 567].

3.14 Fuzzy and Neuro-fuzzy

Around 26 papers (4% of the bibliography) attack problems in the area of fuzzy and neuro-fuzzy
systems and control. These include: design of neuro-fuzzy networks [296, 357, 171, 242], fuzzy
rule extraction [338, 654, 339, 650, 340], fuzzy control [297, 441, 330, 635, 185, 27, 467, 146],
membership functions optimisation [139, 140], fuzzy modelling [351, 258, 114], fuzzy classification
[215, 325], design of hierarchical fuzzy systems [80], fuzzy queue management [391].

3.15 Graphics and Visualisation

Applications in the areas of computer graphics and visualisation also have a share of the ap-
plications bibliography (2%). Specific topics include: graphic presentation of networks [315],
dimensionality reduction [127], collision detection in graphic models [496, 599, 543, 544], texture
synthesis [631, 632, 362], interactive particle swarms [343], 3D graphics [283, 518].

3.16 Image and Video

A large proportion of the applications bibliography (9%) of PSO applications is devoted to image
and video analysis applications. Image analysis applications include: iris recognition [68, 81],
fruit quality grading [224], face detection and recognition [474, 451, 79, 450], image segmentation
[598, 98, 531, 287, 623], synthetic aperture radar imaging [51, 578], locating treatment planning
landmarks in orthodontic x-ray images [86], image classification [61], inversion of ocean colour
reflectance measurements [465, 553], image fusion [388], traffic stop-sign detection [618], defect
detection [500], image retrieval [248, 65], human detection in infrared imagery [400], image regis-
tration [519, 484, 485], pixel classification [99], detection of objects [399], pedestrian detection and
tracking [445], texture synthesis [630], microwave imaging [212, 213, 152, 110, 211], scene match-
ing [464], photo time-stamp recognition [157], contrast enhancement [274, 390], 3D recovery with
structured beam matrix [479], auto cropping for digital photographs [622], character recognition
[293], shape matching [121], image noise cancellation [77]. Video applications include: MPEG
optimisation [25], motion estimation [120], object tracking [24], body posture tracking [438, 218],
traffic incident detection [470].

3.17 Metallurgy

About 9 papers (1.4% of the bibliography) deal with applications in metallurgy. These include:
optimisation of steelmaking process [557, 582, 584, 226, 585, 227, 583, 653] and modelling in
sintering process [525].

3.18 Modelling

Many papers in the bibliography involve some form of modelling. Several that have not been
described under other headings are listed here. These form about 3% of the bibliography. Top-
ics include: inversion of underwater acoustic models [495], modeling MIDI music [247], customer
satisfaction models [312], thermal process system identification [111], friction models [384], ultra-
wideband channel modelling [75], chaotic time series modelling [625], identifying ARMAX models
[207], nonlinear model identification [377, 302], nonlinear system identification [216, 311, 254, 115],
model selection [104], power plants and systems [23, 323, 205], model order reduction [549].
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3.19 Neural networks

Neural networks are used in combination with PSO in many applications. Some have already been
listed under a different heading elsewhere. Here we list further PSO applications to neural networks
(4% of the bibliography). Topics include: inversion of neural networks [437], neural network control
for nonlinear processes [468], design of radial basis function networks [206, 433, 298], product unit
networks [505, 217], neural gas networks [149], feedforward neural network training [309, 13, 643,
122, 177, 616, 57, 360, 58, 84, 523], design of recurrent neural networks [239, 241, 436, 446], cellular
neural networks [151], wavelet neural networks [78], neuron controllers [123].

3.20 Prediction and forecasting

About 3% of the papers on applications in the bibliography have to do with prediction and fore-
casting. Topics include: water quality prediction and classification [658], prediction of chaotic
systems [181, 318], ecological models [106], meteorological predictions [558], electric load fore-
casting [481, 476, 290, 387, 455, 147], battery pack state of charge estimation [417], time series
prediction [53, 593, 615], predictions of elephant migrations [402], prediction of the flow stress in
steel [303], prediction of surface roughness in end milling [134], streamflow forecast [308], urban
traffic flow forecasting [649].

3.21 Power systems and plants

A large proportion (6%) of the application papers in the bibliography deals with power generation
and power systems. Specific applications include (see also [33, 19]): automatic generation control
[337], power transformer protection [133, 487], load forecasting [316], STATCOM power system
[372, 105, 143], fault-tolerant control of compensators [423], optimal power dispatch [638, 131],
power system performance optimisation [516, 286], secondary voltage control [225], power control
and optimisation [515, 624, 517, 603, 601, 96, 626, 349, 637], design of power system stabilisers
[102, 7, 101, 376, 5], control of photovoltaic systems [552], large-scale power plant control [188],
operational planning for cogeneration systems [501], analysis of power quality signals [406], gen-
eration planning and restructuring [556], hybrid power generation systems [537, 142], optimal
strategies for electricity production [342], power loss minimisation [141], production costing and
operations planning [304].

3.22 Robotics

Numerous papers describing PSO applications in robotics are present in the literature. These cover
about 3% of the applications’ bibliography. Topics include: control of robotic manipulators and
arms [619, 279, 26], motion planning and control [657], robot running [483], collective robotic search
[108], unsupervised robotic learning [422], path planning [284, 210, 426, 74, 289], obstacle avoidance
[370], swarm robotics [190, 291, 113], unmanned vehicle navigation [456], soccer playing [535], robot
vision [475], transport robots [588], odour source localisation [221], environment mapping [186],
voice control of robots [66].

3.23 Scheduling

About 6% of the bibliography deals with scheduling applications. These include: generator and
transmission maintenance scheduling [263, 461, 285], flow shop scheduling [63, 327, 305, 62, 246],
hydrothermal scheduling [503, 462], optimal operational planning of energy plants [261], blending
scheduling [651], power generation scheduling [404, 161], tasks scheduling in distributed com-
puter system [265, 310, 620, 72], scheduling in battery energy storage systems [482], job-shop
scheduling [644, 561, 294, 403, 550, 488], radar time management [507], project scheduling [333],
train scheduling [420], timetable scheduling [83], production scheduling [648, 647, 641], assembly
scheduling [11], holonic manufacturing scheduling [596, 642, 645, 594, 646].
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3.24 Security and Military

About 1.4% of the bibliography is devoted to security and military applications. These include:
network security [471], security-constrained power generation [90], intrusion detection [119, 565],
cryptography and cryptanalysis [278, 502], security border identification in power systems [252],
weapon-target assignment [612], missile effectiveness optimisation [572].

3.25 Sensor Networks

13 papers (2%) are devoted to sensors and, particularly, sensor networks. Applications include:
wireless sensor network sink node optimisation [361], ad hoc sensor networks node clustering [497],
wireless sensor network design [606], estimation of target position in wireless sensor networks [389],
cluster formation in wireless sensor networks [182], multicast routing in wireless sensor networks
[605], odour source localisation [222], wireless video sensor networks optimisation [521], swarm
based mobile sensor networks [511], sensor scheduling for target tracking [345], distributed sensor
placement and topology planning [381, 382, 203].

3.26 Signal Processing

Approximately 4% of the bibliography is devoted to applications of PSO in signal processing. These
include: pattern recognition of flatness signal [313], design of IIR filters [268, 267, 144], particle
filter optimisation [499], nonlinear adaptive filters [266, 270, 269], Costas arrays [570], wavelets
[228, 477, 478], blind detection [580, 636, 652], blind source separation [163, 393, 299, 299], analogue
filter tuning [633], localisation of acoustic sources [409], distributed odour source localisation [220],
speech coding [509, 613, 614], 2D IIR filters [145].

4 Conclusions

This paper presents a bird’s eye view of PSO applications. This has been obtained by identifying
and analysing around 700 PSO application papers stored in IEEE Xplore database at the time of
writing.

The picture we obtain is that of a technique with an immense scope of applications, ranging
from biological and medical, to electrical, electronic and electromagnetic, to practical computa-
tional intelligence applications, to combinatorial problem solving, to image analisis, signal pro-
cessing and graphics, to robotics. What is particularly amazing is the rate of growth of PSO
applications. As shown in Table 1, the number of publications reporting PSO applications has
grown nearly exponential for the last few years, and seems to show no sign of slowing down at the
present moment.
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