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IEEE Taxonomy: A Subset Hierarchical Display of IEEE Thesaurus Terms 

The IEEE Taxonomy comprises the first lhree hierarchical 'levels' under each t.e1m-famlly (or 
branch) that is rormed from the top-most t.e1ms or lhe IEEE Thesau1us. In this document lhese 
te1m-families are arranged alphabetically and denoted by boldface type. Each te1m family's 
hierarchy goes lo no more than three sublevels, denoted by indents (in groups of four dots) 
preceding the next level te1ms . A te1m can appear in more than one hierarchical branch and 
can appear more lhan once in any particular hierarchy. The IEEE Taxonomy is defined in this 
way so that Ills always a subset or the 2018 IEEE Thesau1us. 

Aerospace and electronic systems ............ Guns 
............ Missiles 

... Aerospace control ............ Nuclear weapons 
........ Air trarnc control ............ Projectlles 
........ Attitude conllol .... Radar 
........ Ground support ....... Ailbome radar 
... Aerospace enginee1ing ........ Bistatic radar 
........ Ae1ospace biophysics ........ Cognitive radar 
........ Ae1ospace electronics ........ Doppler radar 
........ Ae1ospace safety ........ Ground penetrating radar 
........... Air safety ........ Laser 1adar 
........ Ae1ospace simulation ........ Meteo1ological radar 
........ Aerospace testing ........ Millimeter wave radar 
............ Wind tunnels ........ Multistatic radar 
........ A1tlflclal satellites ............ MIMD radar 
............ Ea1th Obse,ving System ........ Passive 1a dar 
............ Low earth 01bit satellites ....... .Radar applications 
............ Military satellites ............ Radar counte1measures 
............ Space stations ............ Radar detection 
........ Space technology ............ Radar imag ing 
............ Payloads ............ Radar measurements 
............ Space debris ............ Radar pola1imeby 
............ Space explo1ation ............ Radar remote sensing 
... Aerospace mate1ials ............ Radar tracking 
........ Ae1ospace componenls ........ Radar clutter 
... A ircraft manufacture ........ Radar cross-sections 
... A irc1a fl navigation ........ Radar equipment 
... Airc1alt p1opulsion ....... .Radar lheo1y 
........ Propellers ........ Spacebome 1adar 
.... Command and cont10I systems ........ Spread spect1um 1adar 
... .Electronic warfare ........ Synthetic ape1ture radar 
........ Electronic count.e1measures ............ Inverse synthetic aperture radar 
........ Jamming ............ Po1a1imeb·ic synthetic aperture 
........ Radar counte1measures 1adar 
.... Milita1y equipment ........ Ultra wideband radar 
........ Milita1y aircraft .... Sensor systems 
........... .Payloads ....... A ctivity recognition 
........ MIiitary satellites ........ Gunshot detection systems 
........ Milita1y vehicles .... Sonar 
........ Weapons ........ Sonar apphcations 
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............ Sonar detection 

............ Sonar measurements 

........ Sonar equipment 
........ Synuietic ape1t ure sonar 
.... Telemelty 
........ Biomedical telemet1y 

Antennas and propagation 

... .Antennas 
........ Antenna accesso1ies 
............ Radomes 
........ Antenn a a1rays 
........... .Adaptive arrays 
............ Butler matrices 
............ Linear antenna a1rays 
............ Log peliodic antennas 
............ Microstlip antenna arrays 
............ Miciowave antenna arrays 
............ Phased arrays 
............ Planar arrays 
........ Antenna radiation pattems 
............ Near-field radiation patlern 
........ Antenna theo1y 
............ Frequency selective swfaces 
........ Ape1tures 
............ Ape1t ure antennas 
............ Ape1ture coupled antennas 
........ B1oadband antennas 
............ Ultra wideband antennas 
............ Vivaldi antennas 
........ Dielectric resonator antennas 
........ Dipole antennas 
........ Directional antennas 
........ Directive antennas 
........ Feeds 
............ Antenna feeds 
........ Fractal antennas 
........ Helical antennas 
........ Hom antennas 
........ Leaky wave antennas 
........ Loaded antennas 
........ Log-pe1iodlc dipole antennas 
........ Microstrip antennas 
........ Microwave antennas 
........ Mobile antennas 
........ Multifrequency antennas 
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... ... .. Rectennas 

........ Reflector antennas 
........ Satellite antennas 
........ Slot antennas 
. ....... Transmission line antennas 
........ Transmitling antennas 
........ u HF antennas 
........ Yag~Uda antennas 
.... Electiomagnetlc p1opagatlon 
........ Elecb·omagnetic diff1action 
............ Optical diff1action 
............ Physical theory of diffraction 
............ X- ray diffraction 
........ Electromagnetic propagation In 
absorbing media 
........ Elecb·omagnetic re flection 
............ Optical reflection 
... ..... Mic1owave propagation 
........ Millimeter wave p1opagation 
........ Optlcal p,opagatlon 
............ Optical surface waves 
............ Optical waveguides 
....... .Piopagation constant 
....... .Piopagation losses 
........ Radio propagation 
........ Radlowave p1opagatlon 
........ Submillimeterwave propagation 
. ....... UHF propagation 
.... Radio ast1onomy 

Broadcast technology 

.... Broad casting 

....... .Digital audio broadcasting 

. ........... Digital audio players 

............ Digital Radio Mondiale 

........ Digital multimedia b1oadcastlng 
........ Dig Ital video broadcasting 
........ Motion pictures 
........ Radio broad casting 
............ Frequency modulation 
............ Radio netwo1i<S 
........ Satellite b1oadcastlng 
........ Web TV 

Circuits and systems 

........ Omnidirectional antennas .... Circuits 
........ Patch antennas ....... .Actlve circuits 
........ Radar antennas ............ Active inductors 
........ Receivin9 antennas ............ GVtators 
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............ Operational ampltiers 

........ Adders 

........ Analog circuits 
............ Analog integrated circuits 
............ Analog processing circuits 
........ Application spec tic integrated circuits 
............ System-on-chip 
........ Asynchronous circuits 
........ Bipolar transistor circuits 
............ BiCMOS integra ted circuits 
............ Bipolar integrated circuits 
........ Bistable circuits 
............ Latches 
........ Bridge circuits 
........ Charg e pumps 
........ Circuit analysis 
............ Circuit analysis computing 
............ Coupled mode analysis 
............ Nonlinear net work analysis 
........ Circuit faults 
............ Electrical fault detection 
........ Circuit noise 
............ Thermal noise 
........ Circuit simulation 
........ Circuit synthesis 
............ High level synthesis 
............ Integrated circuit syn th esis 
........ Coprocessors 
........ Counting circuits 
........ Coupling circuits 
........ Digit.al circuits 
............ Circuit topology 
........... .Digital integrated circuits 
........ Digital signal processors 
........ Distributed parameter circuits 
....... .Driver circuits 
........ Electronic circuits 
............ Breadboard clrcu It 
............ Cenb·al Processing Unit 
............ Multivibrators 
............ Stripboard circuit 
........ Equivalent circuits 
........ Feedback 
............ Feedback circuits 
............ Negative feedback 
............ Neurofeedback 
........ Hybrid integrated circuits 
........ Integrated circuits 
............ An alog Integ rated circuits 
............ An alog-digital integrated circuits 
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............ Application spec tic integrated 
circuits 
............ CMOS Integrated circuits 
. ........... Coprocessors 
............ Current-mode circuits 
............ Digltal integrated circuits 
............ FET integrated circuits 
........... . Field programmable gate anays 
............ Hybrid In tegrated circuits 
............ Integrated circuit interconnections 
............ Integrated circuit modeling 
............ Integrated circuit noise 
............ Integrated circuit synthesis 
............ Large scale Integration 
............ MESFET Integrated clrcu Its 
............ Microprocessors 
............ Microwave integrated circuits 
............ Millimeter wave integrated circuits 
............ Mixed analog digital integrated 
circuits 
............ Monolithic integrated circuits 
............ Photonic integrated circuits 
............ Power integrated circuits 
............ Radiofrequency integrated circuits 
. ........... Submillimeterwave in tegrated 
circuits 
............ Supercondu Cling integrated circuits 
............ Thick film circuits 
............ Thin film circuits 
............ Three-dimensional integrated 
circuits 
............ Thro ugh-silicon vlas 
............ UHF integrated circuits 
............ Ultra large scale integration 
........... .Very high speed integrated circuits 
........... .Very large scale integration 
............ Wafer scale Integration 
....... .I solators 
........ Large scale integration 
............ Ultra large scale integration 
............ Very large scale integration 
............ Wafer scale integration 
........ Linear circuits 
........ Logic arrays 
............ Programmable logic anays 
........ Logic circuits 
............ Combinational circuits 
............ Log ic arrays 
............ Prog rammable logic anays 
............ Superconducting log ic circuits 
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........ Microprocessors 

............ AutJ:>matic logic units 

............ Blomlmetlcs 
............ Coprocessors 
............ lvlicroconu·ollers 
............ Microprocessor chips 
............ Vector processors 
........ Microwave circuits 
........ MIiiimeter wave clrcu Its 
............ Millimeter wave integrated circuits 
........ Millimeter wave integrated circuits 
............ MIMICs 
........ Monolithic integrated circuits 
............ MIMICs 
............ MMICs 
........ MOSFET circuits 
............ CMOSFET circuits 
............ MOS integrated circuits 
............ Power MOSFET 
........ Multiplying circuits 
........ Nonlinear circuits 
............ Nonlinear network analysis 
........ Passive circuits 
........ Phase shifters 
............ Phase transformers 
........ Power dissipation 
........ Power integrated circuits 
........ Printed circuits 
............ Flexible printed circuits 
............ Memory modules 
........ Programmable circuits 
............ Field programmable analog arrays 
............ Programmable logic arrays 
............ Programmable logic devices 
........ Programmable logic anays 
........ Programmable logic devices 
........ Pulse circuits 
............ Flip-flops 
........ Radiation detector circuits 
........ Rail to rail operation 
............ Rail tJ:> rail amplifiers 
............ Rail tJ:> rail in puts 
............ Rall tJ:> rail outpu ts 
........ Rectifiers 
........ RLC circuits 
........ Sampled data circuits 
........ Sequential circuits 
........ Silicon-on-insulator 
............ SIiicon on sapphire 
........ Submillimeterwave circuits 
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............ Submillimeter wave integrated 
circu its 
........ Summing circuits 
........ Switched circuits 
............ Switched capaci!J:>r circuits 
........ Switching circuits 
............ Choppers (circuits) 
............ Logic circuits 
............ Switching converters 
............ Zero current switching 
............ Zero voltage swlching 
........ Thick film circuits 
........ Thin film circuits 
........ Thyristor circuits 
........ Time varying clrcu Its 
........ Trigger circuits 
........ UHF circuits 
............ UHF integrated circuits 
........ UHF integrated circu its 
........ ultra large scale Integration 
........ Very large scale Integration 
............ Neuromorphics 
............ Wafer scale integration 
....... .VHF circuits 
........ Voltage multipliers 
............ capacltJ:>rs 
............ Diodes 
........ Wafer scale integration 
.... Contacts 
........ Brushes 
........ Contact resistance 
........ Oh mlc contacts 
.... Filtering 
........ Filters 
............ Active filters 
............ Anisotropic 
............ Bragg gratings 
............ Channel bank niters 
............ Dig ~I filters 
............ Equalizers 
............ Filtering theory 
............ Gabor filters 
............ Harmonic niters 
........... .II R filters 
............ Kalman filters 
............ Low pass filters 
............ Matched filters 
............ Microstrip filters 
............ Nonlinear niters 
............ Notch filters 
............ Particle filters lP (DiCe'\1 This work is licensed underthe Creative CommonsAnribution.NonCommercia~NoDerivatives 4.0 
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............ Power filters 

............ Resonator filters 

............ Spa ti a I fllte rs 
............ Superconducting filters 
............ Transversal filters 
........ Information filtering 
........... .Information filters 
............ Recommender systems 
.... Integrated circuit technology 
........ CMOS technology 
............ CMOS process 
............ Silicon on sapphire 
........ Moore's Law 
.... Logic devices 
........ Logic gates 
........ Programmable logic devices 
.... Oscillators 
........ Digita~controlled oscillators 
........ Injection -locked oscillators 
........ Local oscillators 
........ Microwave oscillators 
........ Phase noise 
........ Ring oscillators 
....... .Voltage-controlled oscillators 
.... Sing le elecb·on devices 
........ Single electron memory 
............ Hetero-nanocrystal memory 
........ Single electron transistors 
.... Tunable circuits and devices 
........ RLC circuits 
........ Tun ed circuits 

Communications technology 

.... Communication equipment 

........ Auditory displays 

........ Codecs 
............ Speech codecs 
............ Video codecs 
........ Modems 
........ Optical communication equipment 
............ Optical transmitters 
........ Radio communication equipment 
............ Base stations 
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............ Receiving antennas 

........ Repeaters 
........ Speech codecs 
........ Telephone equipmen t 
............ Cellular phones 
............ Telephone sets 
............ Vocoders 
........ Transceivers 
............ Radio b·anscelvers 
........ Transmitters 
............ Auxiliary transmitters 
............ Diversity methods 
............ Neurotransmitters 
............ Optical transmitters 
............ Radio transmitters 
............ Transmitting antennas 
........ Transponders 
........ TV equipment 
............ Large screen displays 
............ TV receivers 
........ Video codecs 
....... .Video equipment 
............ Optical projectors 
............ Video codecs 
........... .Videos 
........ Vocoders 
.... Communication switching 
........ Code division multiplexing 
........ Electronic switching systems 
........ Frame relay 
........ Handover 
........ Multlprotocol label switching 
........ Packet switching 
............ Burst switching 
............ Frame relay 
............ Multiprotocol label switching 
............ Packet IOss 
.... Communication systems 
....... ARPANET 
........ Biomedical communication 
............ Biomedical telemetry 
............ Telemedicine 
........ Broadband communication 
............ B-ISDN 

............ Ham radios ............ Broadband amplifiers 

............ Land mobile radio equipment ........ Communication networks 
............ Radio transceivers ............ Central office 
............ T ransponders ............ Cyberspace 
........ Receivers ............ Industrial communication 
............ Optical receivers ............ Relay networl<s 
............ RAKE receivers (telecommunications) 
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........ Communication system control ............ Teleprinting 

............ Telecommunication contl'OI ........... .Visible light communication 

........ Communication system secu1ity ........ Device-to-device communication 
............ Denial-of-service attack ........ Digital communication 
............ Radio communication ............ Baseband 
counte1measu1es ............ DICOM 
........ Communication system signaling ........... .Digital audio broadcasting 
............ Received signal strength indicator ............ Digital images 
........ Communication system sortware ............ Digital multimedia broadcasting 
............ Slleaming media ............ Digital video broadcasting 
........ Communication system traffic ............ DSL 
........ Communication system traffic contl'OI ............ ISDN 
........ Computer networks ............ Passband 
........... Ad hoc netwo1wi ............ Port.able media players 
............ Computer netwol1< management ............ SONET 
............ Content disllibution networks ............ Sp1ead specb·um communication 
............ Cyberspace ........ Facsimile 
........... .Diffse,v netwol1<s ........ FDDI 
............ Domain Name System ....... .Indoor communication 
............ Ethemet ............ Indoor envll'On ments 
............ Goog le ........ I ntem et 
............ Heterogeneous netwo1W. ............ Bot (Internet) 
........... .lntemet ............ Botnet 
............ lntse1v netwol1<s ............ Crowdsourcing 
............ IP netwo1W. ............ Instant messaging 
............ Metropolitan area networks ............ lnt.emet or Things 
............ Multipl'Ocessor interconnection ............ I ntemet secu 1ity 
netwo1W. ............ lntemet telephony 
............ Netwol1< function virtualization ............ lntemet topology 
............ Netwo1i< securty ............ Linked data 
............ Netwo1i< servers ............ Mlddleboxes 
............ Next generation netwol1<1ng ............ Semantic Web 
............ Ove1iay networks ............ Social computing 
............ Pee1°to-peer computing ............ Web 2.0 
............ Softwa1e defined netwol1<ing ............ Web services 
............ Storage area networks ....... .IP networks 
............ T ol<bn netwo1W. ............ TCPIP 
............ Unicast ........ ISDN 
............ Virtual p1ivate netwo1Wl ............ B-ISDN 
............ Wide area netwo1Wl ........ Local a1ea networks 
............ Wireless access points ............ Wireless LAN 
........ Cross layer design ........ Machine-to-machine communications 
........ Data buses ........ Met1opolltan area networks 
............ Backplanes ........ MiCl'Ow ave communication 
........ Data communication ............ Rectennas 
............ Asynch1onous communication ........ Military communication 
............ Asynch1onous transfer mode ............ Reconnaissance 
............ Data buses ........ MIMO communication 
............ Data transfer ............ Rlclan channels 
............ Telecommunication buffers ........ MISO communication 
............ Telemellv ........ Mobile communication 
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............ 3G mobile communication 

........... .4G mobile communication 

............ 6G mobile communication 
............ Ambient networkS 
............ Dual band 
............ Land mobile radio 
............ Location awareness 
............ Mobile learning 
............ Mobile nodes 
............ Mobile secu 1ity 
............ Software radio 
........ Molecular communication 
........ Multiaccess communication 
............ Direct-sequence code-division 
multiple access 
............ Frequency division multiaccess 
............ Mu lticarrier coded iv is ion multiple 
access 
............ Subscriber loops 
............ Time division multiple access 
............ Time division synchronous code 
division multiple access 
........ Multicast communication 
............ Multicast VPN 
........ Multimedia communication 
........ Nanowband 
........ NOMA 
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........ Quality of service 

............ Admission control 
........ Radio communication 
............ Baseband 
............ Bluetooth 
............ Indoor radio communication 
............ Land mobile radio 
............ Millimeter wave communication 
............ Near lleld com mu nlcatlon 
............ Packet ra dio netwo11<.s 
............ Passband 
............ Personal area networkS 
............ Radio broadcasting 
............ Radio communication 
countermeasures 
............ Radio fi·equency 
............ Radio link 
............ Radio spectrum management 
............ Satellite commun ication 
............ Satellite ground stations 
............ Software radio 
............ ZigBee 
........ Regional area netwo11<.s 
............ WRAN 
........ Routing 
............ w avelength ,outing 
........ Satellite communication 

........ Optical fiber communication ............ Downlink 
............ FOOi ............ Satellite broadcasting 
............ Free-space optical communication ............ Satellite ground stations 
............ Optical buffering ............ Uplink 
............ Optical fiber networkS ........ Satellite ground stations 
............ Optical fiber subscriber loops ....... .SIMO communication 
............ Optical interconnections ....... .SISO communication 
............ Optical packet switching ........ Spatial diversity 
............ Optical wavelength conversion ........ Submillimeterwave communication 
............ Scheduling algorithms ........ Subscriber loops 
............ SON ET ........ Switching systems 
............ Visible light communication ............ Electronic switching systems 
........ Personal communication networkS ............ Switching frequency 
........ Protocols ............ Switching loss 
............ Access protocols ............ Telecommunication switching 
............ Asynchronous transfer mode ........ Synchronous digital hierarchy 
............ Cryptog raphic protocols ........ Telecommunications 
............ Maste1°slave ............ Ambient intelligence 
............ Multicast protocols ............ Feedback communications 
............ Multiprotocol label switching ............ IP networks 
............ Routing protocols ............ Radio access networkS 
............ Transport protocols ............ Railway communication 
............ Wireless application protocol ............ Space communications 
........ Quahtv of expenence ............ Telecommunication computin9 

IC\ (D~t::\~ This work is licensed under the ere.at~ CommonsAnribution-NonCommercia.1-NoDeriva.tives 4.0 
~ I 1.9\:/_ lntfrrnational Licon~ (CC BY.NC.ND 4.0). Created by loo lnstltutfrof Electrical and E~tll>nics 

MNIIMU. Engln*IS (IEEE) for thQ< bQ<nQ<flt of humanity. Page 8 



............ Telecommunication network 
topology 
........•..• Telecommunlcatlon services 
............ Telematics 
........ Teleconferencing 
........ Telegraphy 
........ Telephony 
........ Teleprinting 
........ Teletext 
........ Token networkS 
........ UHF communication 
........ Underwater communication 
........ Videophone systems 
....... .Vldeotex 
....... .Visual com mun I cation 
........ Wide area networks 
........ Wideband 
........ Wireless communication 
............ Cognitive radio 
............ Cooperative communication 
............ GSM 
............ Open wireless architecture 
............ Roaming 
............ Smart devices 
............ Spatial diversity 
..•......... WIMAX 
............ Wireless access points 
............ Wireless application protocol 
............ Wireless networks 
............ WRAN 
........ Wireless mesh networks 
........ Wireless sensor networks 
............ Body sensor networkS 
............ Event detection 
.... Couplers 
........ Directional couplers 
..•. H lgh-speed electron lcs 
........ High-speed Integrated circuits 
........ High-speed networks 
........ Ultrafast electronics 
... .Image communication 
........ Facsimile 
........ Picture archiving and communication 
systems 
... .Information and communication 
technology 
........ Ambient assisted living 
.... Message systems 
..•..... Electronic mall 
............ Unified messaging 
............ Unsolicited elecbonic mail 
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........ Electronic messaging 

............ Instant messaging 
............ UnWled messaging 
. ....... Postal services 
....... .Publish subscribe systems 
....... .Voice mail 
.... Modulation 
....... Amplitude modulation 
...•..•..... Amplitude shift. keying 
............ Quadrature amplitude modulation 
........ Chirp modulation 
....... .Demodulation 
....... .Digital modulation 
............ Constellation diagram 
............ Partial response signaling 
........ Frequency modulation 
............ Frequency shift keying 
........ Magnetic modulators 
........ Modulation coding 
........... .lnte~eaved codes 
........ Optical modulation 
............ Electrooptic modulators 
............ Intensity modulation 
....... .Phase modulation 
............ Continuous phase modulation 
............ Dll'l'erential phase shift. keying 
............ Phase sh ifl keying 
....... .Pulse modulation 
....... .Pulse width modulation 
............ Pulse width modulation inverters 
............ Space vector pu lse width 
modu lation 
.... Multiplexing 
........ Code division multiplexing 
....... .Demultiplexing 
........ Frequency division multiplexing 
•.....•. Multiplexing eq ulpment 
............ Add-dro p multiplexers 
........ OFDM 
............ Multiple access interference 
............ OFDM modulation 
.... ........ Partial transmit sequences 
............ Peak to average power ratio 
........ Time division multiplexing 
........ Wavelength division multiplexing 
............ WDM networkS 
.... Network topology 
........ Complex networks 
•.....•• Computer network rellablllty 
........ Net work architecture 
............ Network function virtualization lP (DiCe'\1 This work is licensed underthe Creative CommonsAnribution.NonCommercia~NoO.rivatives 4.0 
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............ Networ1< slicing 

... .Presence network agents 

.... TV 
........ Gable TV 
........ Digital TV 
............ Analog TV 
............ HDTV 
........... .IPTV 
........ Mobile TV 
........ Smart TV 
........ Thr-dimensional television 
........ Web TV 
.... u HF technology 
........ UHF antennas 
........ UHF circuits 
............ UHF integrated circuits 
........ UHF communication 
........ UHF devices 
........ UHF integrated circuits 
..•• Ultra wideband technology 
........ Ultra wideband antennas 
........ Ultra wideband communication 
........ Ultra wideband radar 
.... VHF devices 

Compon0nts, packaging, and 
manufacturing technology 

.... Component architectures 
.... Electronic components 
........ capacitors 
............ Power capacitors 
........... .Varact.ors 
........ Coils 
............ Superconducting coils 
........ Connectors 
..•........• Plugs 
............ sockets 
........ Diodes 
........... .Diode lasers 
........ Elecb·odes 
............ Anodes 
..•........• cathodes 
............ Microelectrodes 
........ Fuses 
........ Inductors 
............ Active inductors 
............ Thick film inductors 
..•......... Thin ftlm Inductors 
........ Resist.ors 
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............ Switched capacitor networ1<s 

............ Varist.ors 
........ Str1Jctura1 plates 
........ Switches 
............ Contactors 
............ Microswitches 
............ Optical switches 
........ Transducers 
............ Acoustic transducers 
............ Biomedical transducers 
............ capacitive b·ansducers 
............ Chemical transducers 
............ Inductive transducers 
............ Piezoelectric transducers 
............ Resistive transducers 
............ Ultrasonic transducer arrays 
.... Electronic equipment manufacture 
....... .Damascene integration 
........ Micromachining 
•.....•. Radiation hard ening (electronics) 
. ... .... Semiconductor device manuracture 
............ Diffusion processes 
............ Flip-chip devices 
............ High-k gate dielectrics 
. ........... Quasi-doping 
•.....•..... Semlcondu ctor device doping 
............ Semiconductor epitaxial layers 
............ Semiconductor growth 
............ Silicidation 
............ Wafer bonding 
.... Electronics packaging 
........ Chip scale packaging 
.... Environmentally friendly manufacturing 
techniques 
.... Integrated circuit manufacture 
........ Surface-mount technology 
•... In tegrated circuit packaging 
........ Multlchlp modules 
....... .Plastic integrated circuit packaging 
.... Semiconductor device packaging 
.... Thermal management of electronics 
....... .Electronic packaging thermal 
management 
........ Elecb·onics cooling 

Computational and artificial intelligence 

.... Artificial intelligence 
•.....• .Affective computing 
....... .Autonomous robots 

............ Memrist.ors ........ c sanilive systems lP (DiCe'\1 This work is licensed underthe Creative CommonsAnribution.NonCommercia~NoDerivatives 4.0 
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........ Context awareness 

........ Cooperative systems 

........ Decision support. systems 
........ Intelligent systems 
............ Autonomous systems 
............ Collective intelligence 
.•••..•.••• .1 ntelligent robots 
........ Knowledge based systems 
............ Expe1t systems 
............ Mobile agents 
........ Knowledge engineering 
........... .Inference mechanisms 
............ Knowledge acquisition 
............ Knowledge dlscove,y 
............ Knowledge representation 
........ Leaming (artificial intelligence) 
............ Distance leaming 
............ Electronic learning 
............ Nearest neighbor methods 
........ Leaming systems 
............ Backpropagatlon 
............ Cognitive systems 
............ Learning automata 
............ Learning management systems 
............ Semisupe,vised learning 
............ Supervised learning 
............ Unsupe1vised leaming 
........ Machine leaming 
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... ... ...... Hybrid intelligent systems 

........ Genetic algolithms 
.... Logic 
........ Fuzzy logic 
. ........... Fuzzy cognitive maps 
............ Takagi-Sugeno model 
........ Multivalued logic 
........ P1obabilistic IOgic 
........ Sufficient conditions 
.... Machine intelligence 
....... .Pallem analysis 
.... Neural networt<s 
....... Artificial neural netwo11<.s 
............ Convolutlonal neural networks 
............ Hebblan theo,y 
............ Self-org anizing feature maps 
........ Biological neu1al networks 
... ..... Cellular neural networks 
........ Feedfo1ward neural netwo11<.s 
............ Multilayer perceptrons 
........ Multi-layer neural netwo11<. 
........ Neural netwo11<. hardware 
........ Radial basis function netwo11<.s 
........ Recu1rent neural networt<s 
............ Hopfield neu1a1 netw o11<.s 

Computers and information processing 

............ Boosting .... App1oximate computing 
............ Dimensionality reduction .... Computer applications 
............ Robot leamlng ....... Appllcatlon v irt.uallzatlon 
............ Statlstlcal leamlng ............ Edge computing 
........ Prediction method s ........ Big Data applications 
............ Linear predictive coding ........ Bot (lntemet) 
............ Predictive coding ........ Computer aided analysis 
............ Predictive encoding ........ Computer aided enginee1ing 
............ Predictive models ........ Computer aided lnst1uct1on 
........ Virt.ual a1tifact ............ Leaming management systems 
... Autonomous mental development ........ Computer generated music 
.... Computational intelligence ........ Computer integrated manufactuling 
........ Computation theo1y ........ Cont1ol engineeling computing 
............ Computational complexity ........ Green computing 
............ Concu1rent computing ........ High energy physics lnst1umentation 
............ Greedy algorlthms computing 
............ Su ppo1t vector machines ... ......... Linear pa1ticle accele1ator 
........ Evolutiona1y computation ........ Knowledge management 
............ Evolutiona1y robotics ............ Knowledge transfer 
............ Pa1t icle swarm optimization ........ Mathematics computing 
........ Fuzzy systems ............ Matlab 
............ Fuzzy conllo l ........ Medical information systems 
............ Fuzzy neural networks ............ Electronic medical recon:ls 
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........ Military computing 

........ Mobile applications 

........ Physics computing 
........ Power engineering computing 
........ Power system analysis computing 
........ Publishing 
............ Bibliometrics 
............ Company reports 
............ Desktop publishing 
............ Electronic publishing 
............ Open Access 
............ Scientific publishing 
........ ScientWic computing 
........ TelecommunlcaUon computing 
............ ln ternetw or1<1ng 
............ Soll switching 
....... .Virtual enterprises 
....... .Virtual manufacturing 
............ Vir1ual machining 
........ Web sites 
............ Facebook 
............ MySpace 
............ Uniform resource locators 
............ Web design 
............ YouTube 
........ wo~d Wide Web 
............ Bot (Internet) 
............ Mash ups 
.... Computer architecture 
........ Accelerator arch lectures 
........ Data s tructures 
............ Arrays 
............ Binary decision diagrams 
............ Null value 
............ Octrees 
............ Persistent identifiers 
............ Table lookup 
............ Tree data str1Jctures 
....... .Dynamic voltage scaling 
........ Memory arch lecture 
........ Memory management 
........ Multiprocessor interconnection 
............ Hypercubes 
........ Parallel architectures 
............ Mu lticore processing 
........ Reconfigurable architectures 
.... Computer interfaces 
........ Application programming interfaces 
............ WebRTC 
........ Browsers 
........ Field buses 
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........ Firewire 

........ Haptic interfaces 
............ Data gloves 
............ Force feed back 
............ Grasping 
........ Hypertext systems 
•.•••.• .1 nput devices 
........ Interface phenomena 
............ Networ1< In terfaces 
•.•••.• .1 nterface states 
........ Musical instrument digital interfaces 
....... .Ports (Computers) 
........ System buses 
.... Computer networ1<.s 
....... Ad hoc networ1<S 
............ AODV 
............ Mesh networ1<s 
............ Mobile ad hoc networks 
........... .Vehicular ad hoc networks 
........ Computer networ1< management 
............ Computer network reliability 
........... .Disruption tolerant networ1<ing 
............ Management information base 
............ Middleboxes 
............ Networ1< address tran slation 
............ Networ1< synthesis 
........ Content disb·ibution networ1<S 
........ Cyberspace 
....... .Dilfserv networks 
....... .Domain Name System 
........ Ethernet 
............ Energy efficient ethernet 
............ EPON 
........ Google 
........ Heterogeneous networ1<s 
....... .lntemet 
............ Bot (Internet) 
............ Botnet 
............ Crowdsourcing 
............ Instant messaging 
............ lntemet of Things 
............ Internet security 
............ 1 nternet telephony 
............ In ternet topology 
............ Linked data 
............ Middleboxes 
............ Semantic Web 
............ Social computing 
............ Web2.0 
............ Web services 
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........ IP networ1<s .... Computer security 

............ TCPIP ....... Application security 

........ Metropolitan area networ1<s ....... Authentication 
........ Multiprocessor Interconnection ........ Cloud computing security 
networ1<s ........ Computer crime 
........ Network function virtualization ............ Counterfeiting 
........ Network security ............ Cyber terrorism 
........ Network servers ............ Cyberattack 
........ Next generation networking ............ SQL Injection 
........ Over1ay networ1<s ........ Computer hacking 
........ Peer-to-peer computing ........ Countermeasures (computer) 
........ Software defined networking ........ Cross-site scripting 
........ Storage area networ1<s ........ Cyberespionage 
........ Token networkS ........ Cyberwarfare 
........ Unicast ........ Cyberattack 
....... .Virtual private networ1<s ........ Data integrity 
............ Exb·anets ....... .Denia~of-service attack 
........ Wide area networ1<s ........... .Distributed denial-of-service attack 
........ Wireless access points ........ Firewalls (computing) 
.... Computer performance ........ Honey pot (computing) 
........ Computer eno rs ........ Identity management systems 
............ Computer crashes ....... .Internet security 
........ Performance loss ........ Mobile security 
.... Computer peripherals ....... .Password 
........ Disk drives ........ Penetration testing 
........ Keyboards ........ Permission 
........ Modems ........ Phishing 
........ Printers .... Computers 
.... Computer science ....... Analog computers 
........ Computational neuroscience ........ Calculators 
........ Formal languages ............ Difference engines 
............ Computer languages ........ Microcompu ters 
............ Runtime library ............ Portable computers 
........ Network U1eory (graphs) ............ Wor1<stations 
........ Programming ....... .Parallel machines 
............ Augmented reality ........ Supercomputers 
............ Automatic programming ........ Tablet computers 
............ Concatenated codes ........ Wearable Computers 
............ Functional programming ............ Smart glasses 
............ Granular computing ........ Wearable computers 
........... .Integer linear programming .... Concurrency conb·ol 
............ Logic programming ....... .Processor scheduling 
............ Microprogramming ............ Scheduling algorlU1ms 
............ Object oriented methods .... Data systems 
............ Object oriented programming ....... .Data acquisition 
............ Opportunistic software systems ............ Fastbus 
development ............ user-generated content 
............ Parallel programming ........ Data centers 
............ Performance analysis ........ Data compression 
............ Programming profession ............ Adaptive coding 
............ Robot prR8rammin9 ............ Audio compression 
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............ Huffman coding 

............ Source coding 

............ Test data compression 

............ Transform coding 

........ Data conversion 

............ Analog-digital conversion 

............ Digital-analog conversion 

........ Data engineerin g 
........ Data hand ling 
............ Data assimilation 
............ Data dissemination 
............ Data encapsulation 
............ Data integrity 
............ Document handling 
............ Merging 
............ Sorting 
........ Data processing 
............ Associative processing 
............ Business data processing 
............ Data analysis 
............ Data collection 
............ Data integration 
............ Data preprocessing 
............ Data transfer 
............ In formation exchange 
............ Spreadsheet programs 
............ Text processing 
............ Virtual enterprises 
........ Data storage systems 
............ Triples (Data structure) 
........ Data w arehouses 
.... Database machines 
... .Digital systems 
....... .Digital preservation 
........ lntemet 
............ Bot (Internet) 
............ Botnet 
............ Crowd sour-clng 
............ Instant messaging 
........... .Internet of Things 
............ Internet security 
........... .In ternet telephony 
............ Internet topology 
............ Linked data 
............ Middleboxes 
............ Semantic Web 
............ Social computing 
............ Web 2.0 
............ Web services 
........ ISDN 
............ B-ISDN 
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........ Local area networks 

............ Wireless LAN 
........ Metropolitan area networks 
........ Token networks 
. ....... Virtual artifact 
.... Distributed computing 
........ Client-server systems 
............ Middleware 
............ Servers 
........ Collaborative w ork 
............ Collaborative intelligence 
............ Cooperative communication 
............ Crowdsourcing 
............ Social computing 
........ Dlffserv networks 
....... .Distributed databases 
....... .Distributed information systems 
........... .Distributed management 
............ Publish-subscribe 
........ Intern et 
............ Bot (Internet) 
............ Botnet 
............ Crowdsourcing 
............ Instant messaging 
............ lntemetof Things 
............ Internet security 
............ I ntemet telephony 
. ........... Internet topology 
............ Linked data 
............ Middleboxes 
............ Semantic W eb 
............ Social computing 
............ Web 2.0 
............ Web services 
........ Metacomputing 
............ Grid computing 
........ Peer-to-peer computing 
.... DNA computing 
.... File servers 
.... Hardware 
•.•••.• .1 nput devices 
........ Open source hardware 
........ Reconfigurable devices 
........ Wireless access points 
... . High performance computing 
.... Image processing 
....... Active shape model 
........ Blob detection 
........ Comer detection 
........ Feature extraction 
........ Fiducial markers lP (DiCe'\1 This work is licensed underthe Creat~ CommonsAnribution.NonCommercia~NoDerivat~ 4.0 

~ I 1.9\:1 lntfrrnational License (CC BY.NC.ND 4.0). Crealfrd by The lnstltutfrof Electrical and Electll>nics 
MNIIMU. Engln*rs (IEEE) for thQ< bQ<nQ<flt of humanity. Page 14 



2018 IEEE Taxonomy 

........ Geophysical image processing ............ Computer buffers 

........ Gray-scale ........ Cache memory 

........ Image analysis ............ Cache storage 
............ Image classification ........ Conten t addressable storage 
........... .Image motion analysis ........ Flash memories 
............ Image quality ............ Flash memory cells 
........... .Image sequence analysis ........ Magnetic memory 
........... .Image texture analysis ............ Floppy diskS 
............ Object detection ............ Hard dlskS 
............ Subtraction techniques ........ Memory management 
........ Image an notation ........ N onvolalile memory 
........ Image capture ............ Nonvolatile single electron memory 
........ Image coding ....... .Phase change memory 
........ Image color analysis ............ Phase change random access 
........ Image decomposition memory 
........ Image denoising ........ Random access memory 
........ Image enhancement ........... .ORAM chips 
........ Image filtering ............ Phase change random access 
........ Image fusion memory 
........ 1 mage generation ............ Resistive RAM 
............ Plasma displays ............ SDRAM 
............ Visual effects ............ SRAM cells 
........ Image recognition ............ SRAM chips 
............ Image edge detection ........ Read only memory 
........ Image reconstruction ........... .PROM 
........ Image registration ........ Read -write memory 
........ Image representation ........ Registers 
........ Image resolution ............ Shill registers 
............ High-resolution imaging ........ Scanning probe data storage 
............ Spatial resolution ........ Semiconductor memory 
........ Image restoration .... Mobile computing 
........ Image sampling ........ Wireless access points 
........ Image segmentation .... Molecular computing 
........ Image segmentaton .... Multitasking 
............ Thresholding (Imaging) ....... .Parametric study 
........ Image sequences .... Open systems 
........ Image texture ........ Open Access 
........ Machine vision ............ Public domain software 
............ Object recognition ........ Open Educational Resources 
............ Object segmentation ....... .Physical layer 
........ Morphological operations ............ Physical layer security 
........ Optical feedback .... Optical computing 
........ Saliency detection .... Parallel processing 
........ Smart pixels ........ Multiprocessing systems 
........ Spatial coherence ............ Data flow computing 
........ Structure from motion ............ Processor scheduling 
........ Table lookup ............ Systolic an·ays 
.... Memory ........ Multithreading 
........ Analog memory ........ Parallel algonU'l ms 
........ Associative memory ....... .Pipeline processing 
........ Buffer stora3e .... Pattern 1ec32nition 
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........ Active shape model 

........ Activity recognition 

........ Character recognition 
........ Cluste1ing methods 
............ Pattern cluste1ing 
........ Data mining 
............ Anomaly detection 
............ Association rules 
............ Data privacy 
............ Text analysis 
............ Text mining 
............ Web mining 
........ Face recognition 
........ Flngetprint recognition 
........ Gesture recognition 
............ Sign language 
........ Handwliting recognition 
............ Forge1y 
........ Nearest neighbor methods 
........ Pattern match Ing 
............ Image matching 
........ Speech recognition 
............ Automatic speech recognition 
............ Speech analysis 
........ Text recognition 
.... Pervasive computing 
........ Ubiquitous computing 
............ Context-aware services 
........ Wearable computers 
... .Petascale computing 
.... Platform virtu alizatlon 
.... Probablllstlc computing 
... .P1obability computing 
.... Quantum computing 
........ Quantum cellular automata 
.... Real-time systems 
........ Telexlstence 
........ WebRTC 
.... Software 
........ Anti-virus software 
........ Application software 
........ Embedded software 
........ Invasive soft.ware 
............ Computer viruses 
............ Computerwo1ms 
........ Middleware 
............ Mediation 
............ Message-oliented midd leware 
............ Web setvlces 
........ Open source software 
........ Optical cha1acter rec33nition softwa1e 
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....... .Public domain software 

........ Software agents 
............ Agent-based modeling 
............ Autonomous agents 
............ Botnet 
............ Intelligent agents 
........ Software as a service 
........ Software debugg ing 
............ Software design 
........ Software maintenance 
........ Software packages 
............ EMTDC 
............ PSCAD 
............ SPICE 
........ Software performance 
........ Software quality 
........ Software 1eusability 
........ Software safety 
........ Software systems 
........ Software tools 
............ Authoting systems 
........ System softwa1e 
............ File systems 
............ Operating systems 
............ P1ogram p1ocessors 
............ Utility programs 
.... SOft.wa1e engineeling 
........ Capability matu1ity model 
........ Computer aided software engineering 
........ Fo1ma1 ve1ification 
........ Programming environments 
........ Reasoning about programs 
....... .Runtime 
............ Dynamic compiler 
............ Runtime environment 
........ Software architectu 1e 
............ Cllent-se1ver systems 
............ Mlcroarchltecture 
............ Rep1esentational state transfer 
........ Software libralies 
........ Software p1oduct lines 
.... system recovery 
........ Checkpolntlng 
........ Core dumps 
....... .Debugging 
.... Time shaling computer systems 
.... Virtual machine monitors 
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Consumer electronics ........ Switches 
............ Contactors 

... Ambient Intelligence ............ Mlcroswlt.ches 
... Audio systems . ..... .. .... Optical switches 
........ Audiotapes ........ Switchgear 
........ Audio-visual systems ............ Circuit breakers 
........ Auditory displays ............ lntenupters 
........ Headphones ............ Relays 
........ Loudspeakers ...•..•• Telecontrol equipment 
........ Microphones ........ Thermostats 
............ Microphone arrays .... Conb·ol system synthesis 
........ Pit.ch control (audio) .... Controllability 
........ Portable media players .... Cruise control 
........ Sonlflcation •... Decentralized control 
.... Home automation ........ Dlstrlbuted parameter systems 
........ Portable media players .... Delay systems 
........ Refi·igerators ....... Added delay 
........ Smart homes ....... .Delay lines 
........ Washing machines .... Digital control 
..•. Home computing •.....•. Programmable contro l 
.... Low-power electronics ............ Flow graphs 
.... Microwave ovens .... Fault tolerant control 
.... Multimedia systems .... Feedback 
........ Multimedia communication ........ Feedback circuits 
........ Multimedia computing ............ Output feedback 
........ Multimedia databases ........ Negative feedback 
Con trol systems ........ Neurofeedback 
... Automatic control .... Feedback linearization 
........ Power generation control .... Fluid flow control 
... Automatic generation control .... Fluidics 
.... Bldirectlon al control ........ Microfluldlcs 
.... Brakes ........ Nanofluldlcs 
.... CAfvlAC .... Gaze b·acking 
.... Centralized control ........ Elecb·ooculog raphy 
.... Closed loop systems .... Homeostasis 
.... Control design .... Linear feedback control systems 
.... Control englneerlng ........ Frequ ency locked IOops 
.... Control equipment ........ Phase locked loops 
........ Actuators ........ State feedback 
............ Dielectric elastomer actuators ........ Tracking loops 
............ Electrostatic actuators .... Magnetic variables control 
............ Hydraulic actuators .... Mechanical variables control 
............ In telligent actuators ........ Displacement control 
............ Microactuators ........ Force control 
............ Piezoelectric actuators ........ Level control 
............ Pneumatic actuators ............ Gyroscopes 
........ Fasteners ........ Motion control 
........ Microcontrollers ............ Collision avoid ance 
........ Regulators •.....•....• Collision mitigation 
........ Servosystems ............ Kinetic theory 
............ Servomotors ............ Motion plannin3 
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............ Path planning 

............ Visual servoing 

........ Pit.ch control (position) 
........ Position contro l 
............ Nanopositioning 
........ Shape conb·ol 
........ Size control 
........ Sb·ain control 
..... ... Stress control 
........ Thickness conb·ol 
........ Torque control 
....... .Velocity control 
........... Angular velocity control 
....... .Vibration control 
........ Weight control 
.... Medical control systems 
.... Moisture control 
........ Humidity control 
.... Motion compensation 
.... Networ1<ed control systems 
.... Nonlinear control systems 
.... Open loop systems 
.... Optical control 
........ Lighting control 
........ Optical variables control 
.... Optimal control 
........ Bang-bang control 
........ Infinite horizon 
... .PO control 
... .Pl control 
.... Pneumatic systems 
.... Positive train control 
.... Pressure conb·ol 
... .Proportional control 
... .Radio control 
.... Robot control 
........ Robot motion 
... .SCADA systems 
.... Sensorless control 
.... Sliding mode control 
.... Supervisory control 
........ SCADA systems 
.... Th ermal varlables conb·o1 
........ Temperature control 
............ Cooling 
............ Heating systems 
........ Thermal analysis 
............ Thermomechanical processes 
.... Traffic control 

2018 IEEE Taxonomy 

Dielectrics and electrical insulation 

.... Dielectrics 

........ Dielectric constant 

............ High-k gate dielectrics 

....... .Dielectric devices 

............ capacitors 

............ Ferroelectric devices 
............ Piezoelectric devices 
............ Pyroelectric devices 
....... .Dielectric losses 
....... .Dielectric substrates 
....... .Dielectrophoresis 
........ Electrohydrodynamlcs 
........ Electroklnetlcs 
........ Elecb·osb·iction 
.... Electric breakdown 
....... Avalanche breakdown 
........ Corona 
........ Dielectric breakdown 
............ Arc discharges 
........... .Discharges (electric) 
............ Electrostatic discharges 
............ Flashover 
............ Glow discharges 
............ Partial discharges 
............ Surface discharges 
........... .Vacuum breakdown 
........ Spar1<s 
.... Insulation 
........ Cable Insulation 
............ Power cable Insulation 
........ Ceramics 
............ Porcelain 
........ Gas insulation 
............ Sulfur hexafluoride 
........ 1 nsulators 
............ Metal-insulator st11Jctures 
............ Plastic insulators 
............ Rubber 
........... .Topological insulators 
............ Trees - insulation 
....... .I solation technology 
........ Oil insulation 
............ Oil filled cables 
....... .Plastic insulation 

Education 

........ Queueing analysis .... Adaptive learning 
....... .Vehicle routinp .... career development 
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........ Continuing education 

........ Jobs listin gs 

........ Mentoring 
.... Education courses 
........ Cuniculum development 
........ Open Educational Resources 
.... Educational institutions 
.... Education al programs 
........ Accred ltatlon 
........ Continuing education 
........ Pr~college programs 
........ Scholarships 
........ Self-study courses 
........ Seminars 
............ Weblnars 
........ STEM 
........ Tutorials 
.... Educational technology 
........ Computer aided insb·uction 
............ Learning management systems 
........ Courseware 
........ Elecb·onic learning 
............ Mobile learning 
.... Engineering education 
........ Biomedical engineering education 
........ Communication englneerlng education 
........ Computer science education 
........ Control engineering education 
........ Electrical engineering education 
............ Electronics engineering education 
........ Engineerln g students 
........ Physics education 
........ Power engineering education 
........ Student experiments 
........ Systems engineering education 
.... Training 
........ Certification 
........ Industri al training 
........ Management training 
........ On the job training 
........ Qualifications 
....... .Vocational training 

Electromagnetic compatibility and 
interference 
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............ Air gaps 

............ Characteristic mode analysis 
............ Computational electromagnetlcs 
. ........... Delay effeclS 
............ Electromagnetic fields 
............ Electromagnetic forces 
............ Electromagnetic refraction 
............ Permeability 
...•..•..... Spar1<. gaps 
............ Time-domain analysis 
........ Elecb·omagnetic coupling 
............ Mutual coupling 
............ Optical coupling 
........ Electromagnetic devices 
............ Baluns 
........ Elecb·omag netic induction 
............ Eddy currenlS 
•••••••••••• 1 nductive power transmission 
........ Elecb·omag netic metamaterials 
............ Terahertz metamaterlals 
........ Electromagnetic ra dlatlon 
............ Bremsstrahlung 
............ Conelators 
............ Electromagnetic wave absorption 
............ Frequency 
............ Gamma-rays 
............ Line-of-sight propagation 
........ Elecb·omag netic shielding 
............ Gable shielding 
............ Magnetic shielding 
....... .Electromag netlc tran slenlS 
............ EMP radiation effects 
............ EMTDC 
............ EMTP 
............ Power system transienlS 
............ Surges 
•.....•. Proximity effects 
.... In terference 
........ Clutter 
........ Crosstalk 
....... .Diffraction 
. ...... .Echo interference 
...•..•. Elecb·omag nellc Interference 
............ Radiofreq uen cy interference 
............ Specific absorption rate 
........ Electromagnetic radiative interference 

.... Electromagnetic compatibility ........ Electrostatic interference 
........ Immunity testing ............ Immunity testing 
........ Reverberation chambers •.....• .lnterchannel Interference 
.... Electromag netics ....... .1 nterference cancellation 
........ Electroma9netic analvsis ....... .Interference channels 
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........ Interference constraints 

........ Interference elimination 

........ 1 nterference su ppresslon 
........ lntersymbol interference 
........ Rain fading 
........ Terrain factors 
........ TV interference 

Electron dovlcos 

.... Cathode ray tubes 
.... Electron guns 
.... Electron multipliers 
.... Electron tubes 
........ Field emitter arrays 
........ Klysb·ons 
........ Magnetrons 
........ Thyratrons 
.... Mechab'onics 
........ Blomechatro nlcs 
.... Mlcroolectromechan ical systems 
........ Microelectromechanical devices 
........... .lvlicroactuators 
............ Micromotors 
............ Micropumps 
............ Mlcrovalves 
........ Radiofreq uen cy 
microelectromechanical systems 
... Jvlicrofluidics 
.... Micromechanical devices 
........ Biomedical mlcroelectromechanical 
systems 
........ Fluidic microsystems 
........ Microfabrication 
... .Photoelectricity 
........ Photovoltaic effects 
............ Shunts (electrical) 
.... Photovoltaic cells 
........ Light trapping 
.... Quantum computing 
........ Quantum cellular automata 
.... Quantum well devices 
........ Quantum well lasers 
............ Quantum cascade lasers 
........ Quantum wells 
........ Two dimensional hole gas 
.... Semicond uctivity 
.... Semiconductor devices 
........ Flip-chip devices 
........ Gunn devices 
........ Hall effect devices 
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........ Junctions 

............ Heterojunctions 
............ Hybrid Junctions 
............ P-n junctions 
............ Waveguide junctions 
........ Ml S devices 
............ Charge coupled devices 
............ MOS devices 
........ MONOS devices 
........ Piezoresistive devices 
....... .P-i-n diodes 
....... .Power semiconductor devices 
............ Power transistors 
........ Power semiconductor switches 
............ Bipolar transistors 
............ Thyristors 
........ Quantum dots 
........ Quantum well lasers 
............ Quantum cascade lasers 
........ SchotU<.y d lodes 
........ Semiconductor counters 
........ Semiconductor detectors 
........ Semiconductor device modeling 
........ Semiconductor device noise 
. ....... Semiconductor diodes 
............ P-1-n diodes 
............ Schottky diodes 
............ Semiconductor0 metal interfaces 
............ Superluminescent diodes 
............ Varactors 
........ Semlcond uctor lasers 
............ Laser tun Ing 
............ Quantum dot lasers 
............ Quantum well lasers 
............ Semiconductor laser arrays 
............ Semiconductor optical amplifiers 
............ Surface emitting lasers 
........ Semlcond uctor w avegu Ides 
........ Semiconductor-insulator interfaces 
........ Silicon devices 
........ SON OS devices 
........ Super1umin escent diodes 
........ Surface emitting lasers 
............ Vertical cavity surface emitting 
lasers 
........ Thermistors 
........ Transistors 
............ Field effect b'ansistors 
............ Heterojun ctlon bl polar transistors 
............ Millimeter wave transistors 
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............ Static induction transistors 

.... Sing le electron devices 

........ Single electron memory 
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Sensors 

... Acoustic sensors 
.... Chemical and biological sensors 
........ Biosensors 
........ Gas detectors 
............ Amperometric sensors 
... .Electromechanical sensors 
........ Mlcrosensors 
.... Force sensors 
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........ Sensor systems 

............ Activity recognition 
............ Gunshot detection systems 
.... Thermal sensors 
........ Temperature sensors 
.... Thick film sensors 
.... Thin film sensors 
.... Vision sensors 
.... Wearable sensors 

... .Infrared sensors Signal processing 
... .Intelligent sensors 
... .Intra cranial pressure sensors .... Acoustic signal processing 
... .Ionizing radiation sensors •...... Active noise reduction 
........ Position sensitive particle detectors ............ Echo cancellers 
........ Radiation detectors ........ Speech processing 
............ Bolometers ............ Human voice 
............ Gamma-ray detectors ............ Speech enhancement 
............ lnfi·ared detectors ............ Speech synthesis 
..•........• Photodetectors •.....•....• Voice activity detection 
............ Semiconductor radiation detectors .... Ad aptive sign al processing 
............ Silicon radiation detectors ....... Adaptive fillers 
....... .X-ray detectors ....... Adaptive signal detection 
.... Magnetic sensors .... Amplifiers 
........ Spin valves ........ Broadband amplifiers 
..•. Mechanical sensors •.....•. Dllferentlal ampllllers 
........ capacitive sensors ....... .Distributed amplifiers 
.... Multimodal sensors ........ Low-noise amplifiers 
.... Nanosensors ........ Operational amplifiers 
.... Optical sensors ............ Feedback amplfiers 
........ Optical detectors ....... .Power amplifiers 
............ Bar codes ............ High power ampllllers 
........ Optical fiber sensors ............ Predislortion 
.... Optoelectronic and photonic sensors ....... .Preamplifiers 
... .Pressure sensors ....... .Pulse amplifiers 
.... Sensor phenomena and characterization ........ Radiofiequency amplifiers 
..•. Sensor systems and applications •.....•. Resonators 
........ Detectors ............ cavity resonators 
............ Envelope detectors .... Array signal processing 
............ Semiconductor detectors .... Allenuators 
........ Electric sensing devices ........ Optical attenuators 
........ Leak detection .... Chirp 
..•..... Radlofrequency ldentlllcatlon .... Convolution 
............ RFID tags ........ Convolvers 
........ Robot sensing systems .... Decorrelation 
............ Robot vision systems .... Digital signal processing 
............ Simultaneous localization and ....... .Delta modulation 
mapping ............ Delta-sigma modulation 
..•......... Tactile sensors ............ Sigma-delta modulation 
........ Sensor arrays ....... .Digital signal processing chips 
............ Sensor fusion .... Dispersion 
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........ Chromatic dispersion .... Modulation 

........ Optical fiber dispersion ....... Amplitude modulation 

.... Distortion ............ AmplllJJde shift Keying 
........ Acoustic distortion ............ Quadra wre amplitude modulation 
........ Four-wave mixing ........ Chirp modulation 
........ Jtter ....... .Demodulation 
............ Timing jtter ....... .Digital modulation 
........ Nonlinear distortion ............ Constellation diagram 
............ Harmonic distortion ............ Partial response signaling 
............ In termodu lation distortion ........ Frequency modu lation 
........ Phase distortion ............ Frequency shift keying 
.... Error correction ........ Magnetic modulators 
........ Forward error correction ........ Modulation coding 
.... Fading channels ............ Interleaved codes 
........ Frequency-selective lading channelS ........ Optical modulation 
........ Rayleigh channels ............ Electrooptic modulators 
........ Weibull fading channels ............ Intensity modulation 
.... Filters ....... .Phase modulation 
........ Active filters ............ Continuous phase modulation 
............ Band-pass !liters ............ Differential phase shift keying 
........ Anisotropic . ... ........ Phase shill keying 
........ Bragg gratings ....... .Pulse modulation 
............ Fiber gratings ....... .Pulse width modulation 
........ Channel bank filters ............ Pulse width modulation inverters 
........ Digital filters . ........... Space vector pu lse width 
............ Finite Impulse response lllters modu lation 
........ Equalizers .... Multidimensional signal processing 
............ Adaptive equalizers ........ Video signal processing 
............ Blind equalizers ............ Motion artifacts 
............ Decision feedback equalizers ........... .Video coding 
........ Filtering theory ............ Video compression 
............ Image fllterlng .... Noise 
........ Gabor filters ........ 1/f noise 
........ Harmonic filters ....... Additive noise 
........ IIR filters ............ Additive white noise 
........ Kalman filters ............ AWGN 
........ Low pass filters ........ Colored noise 
........ Matched filters ........ Gaussian noise 
........ Microsb·ip filters ............ AWGN 
........ Nonlinear filters ........ Laser noise 
........ Notch filters ............ Laser feedback 
........ Particle filters ........ Low-frequency noise 
........ Power filters ........ Noise cancellation 
............ Spur1ine ........ Phase noise 
........ Resonator filters ........ Signal to noise ratio 
........ Spatial filters ............ PSNR 
........ Superconducting filters ........ Superconducting device noise 
........ Transversal filters ........ White noise 
..•. Frequency locked loops ............ AWGN 
.... Geophysical signal processing .... Optical signal processing 
.... Limitin9 ........ Laser noise 

IC\ (D~t::\~ This work is licensed under the ere.at~ CommonsAnribution-NonCommercia.1-NoDeriva.tives 4.0 
~ I 1.9\:/_ lntfrrnational Licon~ (CC BY.NC.ND 4.0). Created by loo lnstltutfrof Electrical and E~tll>nics 

M NIIMU. Engln*rs (IEEE) for thQ< bQ<nQ<flt of humanity. Page 62 



............ Laser feedback 

.... Optical wavelength convers ion 

.... Phase locked loops 
.... Pulse compression methOds 
........ Optical pulse compression 
... .Pulse shaping meU10ds 
........ Optical pulse shaping 
.... Quantization (signal) 
........ Vector quantization 
.... Radar signal processing 
... .Received signal strength indicator 
... .Recording 
........ Audio recording 
........ Dig Ital recording 
........ Disk recording 
........ Magnetic recording 
............ Digital magnetic recording 
............ Heat-assisted magnetic recording 
............ Magnetic noise 
............ Magnetooptlc recording 
............ Microwav&-asslsted magnetic 
recording 
............ Perpendicular magnetic recoruing 
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........ Optical signal detection 

....... .Phase detection 
............ Phase frequ ency detector 
........ Radar detection 
.... Signal generators 
........ Noise generators 
....... .Pulse generation 
............ Optical pulse generation 
.... Signal Integrity 
.... Signal rec on stru ct ion 
........ Signal denoising 
.... Signal resolution 
....... .Diversity reception 
.... Signal restoration 
.... Signal sampling 
.... Signal synthesis 
.... Source separation 
........ Blind source separation 
.... Specb'ogram 
.... Tracking IOops 

Social implications of technology 

........ Optical recoruing .... Cultural differences 

............ CD recoruing . ... Environmental factors 
........ Video recording ........ Biosphere 
............ High definition video ........ Ecology 
............ Videos ........ Ecosystems 
............ Webcams ............ Wetlands 
.... RF signals ........ Environmental economics 
.... Sign al analysis ............ carbon tax 
........ Dlscret&-event systems ........ Environ mental monitoring 
........ Harmonic analysis ........ Global warming 
........ Parameter estimation ........ Green products 
............ Amplitude estimation ............ Green buildings 
............ Direction-of-arrival estimation ............ Green cleaning 
............ Frequency estimation ........ Pollution 
............ Motion estimation ............ Air pollution 
............ Phase estimation ............ Industrial pollution 
............ Time of arrival estimation ............ Land pollution 
........ Signal mapping ............ Oil pollution 
........ Spectral analysis ............ Radioactive pollution 
............ Infrared spectra ............ Thermal pollution 
............ Judd-Ofelt U1 eory ............ Urban pollution 
............ Spectroradiometers ............ Water pollution 
.... Signal design .... Ethical aspects 
.... Signal detection .... Ethics 
........ Acoustic s ignal detection ........ Cyberethics 
............ Sonar detection .... Globallzatlon 
........ Motion detection .... In ternational relations 
........ Multiuser detection .... Peace technolo3Y 
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... .Philosophical considerations 

.... Social factors 

........ Demography 
........ Technology social factors 
............ Privacy 
.... Sustainable development 
.... Technology 
........ Appropriate technology 
........ Neurotechnology 
........ Technological innovation 
........ Technology social factors 
............ Privacy 
........ Technology transfer 
............ Small business technology transfer 
........ Telepresence 
........ Telexistence 

Solid state circuits 

.... Circuit subsystems 

.... Circuit theory 

.... FET circuits 

........ FET integrated circuits 

............ Field effect MMI C 

............ MESFET in tegrated circuits 
........ JFET circuits 
............ JFET integrated circuits 
........ MESFET circuits 
............ MESFET integrated circuits 
........ MODFET circuits 
............ MODFET Integrated circuits 
........ MOSFET circuits 
............ CMOSFET circuits 
............ MOS integrated circuits 
............ Power MOSFET 
.... Gate leakage 
..•. Solid state circuit design 
.... Transistors 
........ Field effect transistors 
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............ Thin film transistors 

........ Heterojunction bipolar transistors 
.........•.. Double heteroju nctlon bipolar 
tra nsistors 
....... .lvlillimeter wave transistors 
....... .Phototransistors 
........ Static induction transistors 

SulX)rconduotlvlty 

.... Bean model 

.... Critical current density 
(superconductivity) 
•....... Critical cul'l'ent density 
.... Flux pin nlng 
.... Superconducting devices 
........ Josephson junctions 
........ SQUIDS 
........ Superconducting coils 
•.....•. Superconducting magnets 
. ... .... Supercond uctlng microwave devices 
........ Superconducting photodetectors 
.... Superconducting filaments and wires 
.... Superconducting films 
. ....... Superconducting thin films 
•... Su perconducllng Integrated clrcu Its 
.... Superconducting magnetic energy 
storage 
.... Superconducting materials 
........ Granular superconductors 
........ H lgh-temperatu re superconductors 
............ Yttrium barium copper oxid e 
........ Multifilamentary superconductors 
........ Niobium-tin 
........ Type 11 superconductors 
.... Superconducting transition temperature 

Systems engineering and theory 

............ CNTFETs .... Adaptive systems 
............ Double-gate FETs ....... Adaptive control 
............ HEMTs ........ Cogntive radar 
............ JFETs ...•..•. Line enhancers 
............ MESFETs ........ Multi-agent systems 
............ MISFETs ............ Collaborative intelligence 
........... Jv10DFETs ....... .Variable structure systems 
............ MOSFET .... capability engineering 
............ MOSHFETs .... Complex systems 
............ OFETs •... Conftgura tlon management 
............ Schottky gate field effect transistors .... Hierarchical systems 
............ TFETs ........ Multilevel systems 
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... .Integrated design .... Solution design 

... .Interface management .... Stochastic systems 

.... Modeling .... System analysis and design 
........ Analytical models . ...... .Asymptotic stability 
............ Common Information Model ........ Control system analysis 
(computing) ............ State-space methods 
........ Atmospheric modeling ....... .Dial<optics 
........ Brain modeling ....... .Distributed pro cessing 
........ Computational modeling ...•..•..... Edge computing 
............ Agent-based modeling ............ Message passing 
............ Computational cultural modeling ....... .Distributed vision networ1<s 
........ Context modeling ........ Fault detection 
........ Data models ........ Fault tolerant systems 
............ Metadata ....... .Interconnected systems 
........ Deformable models ............ Botn et 
....... .Digital elevation models ........ Larg&-scale systems 
........ Emulation ........ Lyapunov methods 
........ Graphical models ........ Open systems 
........ Green's function methods ............ Open Access 
........ Hidden Markov models ............ Open Educational Resources 
........ Input vari ables ............ Physical layer 
........ Integrated circuit modeling ....... .Petri nets 
............ Cutoff frequency ....... .Physical design 
........ Inverse problems ........ Robust control 
............ Deconvolution ........ Scalability 
........ Load modeling ........ Scattering parameters 
........ Metamodeling ........ Sequential analysis 
........ Numerical models ........ Sequential diagnosis 
........ Object oriented modeling ........ Software prototyping 
........ Power system modeling ........ Static analysis 
............ Load modeling ........ System dynamics 
........ Process modeling ........ System performance 
........ Semiconductor device modeling ............ Cooperative caching 
........ Semiconductor process modeling ........ System-level design 
........ Signal representation ........ Systems modeling 
........ Simulation ........ Systems Modeling Language 
............ Computer slmu latlon ........ Task analysis 
............ Digital simulation ........ Time factors 
............ Hardwar&-in-the loop simulation ............ Continuous time systems 
............ Medical simulation ............ Discret&-time systems 
............ Systems simulation ............ Time invariant systems 
........ Solid modeling .... ........ Tim&-varying systems 
........ System Identification .... System Implementation 
........ Systems modeling .... System improvement 
.... Multidimensional systems .... System integration 
... .Physical design .... System of systems 
.... Reduced order systems ........ Cyber'physical systems 
.... Requirements engineering .... System realization 
........ Technical requirements .... System validation 
.... Requirements management ........ System testing 
.... Se1vic&-01iented systems en9ineerin9 ............ Model checkrnQ 
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.... System verification 

........ System testing 

............ Model checl<lng 
.... Systems architecture 
.... Systems engineering education 
.... Systems operation 
.... Systems simulation 
.... Systems support 
.... Systems thinking 
.... Task analysis 
.... Technical management 
........ Maintenance management 
........ Technical planning 

Systems, man, and oyt>-Ornetlos 
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............ TOPSIS 

........ Econophysics 
........ Emergent phenomena 
........ Intelligent contr1)1 
. ........... Feedforward systems 
............ Neul1)controllers 
........ Linear feedback control systems 
............ Frequency IOcked loops 
............ Phase locked loops 
............ State feedback 
............ Tracking loops 
.... Ergonomics 
........ Job design 
.... Human factors 
....... Anthropomo,ph Ism 
... .Identification of persons 

.... Behavioral sciences ........ Biometrics (access contl1)1) 
...... .. Animal behavior . .. ......... Face recognition 
........ Cognition ............ Fingerprint recognition 
............ Activity recognition ............ Galt recognition 
............ Cognitive neul1)science ............ Iris recognition 
........ Consumer behavior ............ Palmprint re cognition 
........ Psychiatry ........ Face recognition 
............ Mental disorders ........ Fingerprint recognition 
........ Psychology ........ Handwriting recognition 
............ Industrial psychology ............ Forgery 
............ Mood ........ Speak.er recognition 
............ Neul1)psychology . ....... Speech recognition 
............ Psychometric testing ............ Automatic speech recognition 
........ Social intelligence ............ Speech analysis 
.... Biological contl1)1 systems .... Man-machine systems 
........ Blomari<.ers ........ Extended reality 
............ Molecular bioma11<.ers ....... .Interactive systems 
.... Computational linguistics ............ External stimuli 
........ Sentiment analysis . ... Natural languages 
.... Cybern etics ........ Natural language processing 
........ Adaptive systems ............ Morphology 
........... Adaptive contr1)1 ............ Sentiment analysis 
............ Cognitive ra dar .... Pervasive computing 
............ Line enhancers ........ Ubiquitous computing 
............ Multi-agent systems ............ Context-aware services 
............ Variable structure systems ........ W earable computers 
........ Cognitive Informatics .... Posthuman 
........ Cognitive science .... Teleworking 
............ Problem-solving .... Transhuman 
........ Contl1)1 theory .... User interfaces 
............ Control nonlinearities ....... Audio user interfaces 
............ Iterative learning contr1)1 ........ Brain-computer interfaces 
............ Observability ........ Data vlsuallzatlon 
........ Oecision theory ........... .lsosurfaces 
............ Oecision trees ........ Emotion recoQnition 
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........ Exoskeletons 

........ Graphical user interfaces 

............ Avatars 
........ Human computer interaction 
............ Affective computing 
............ Extended reality 
............ Gaze tracking 
............ Head-mounted displays 
............ Head-up displays 
............ Telepresence 
............ Telexistence 
........ Human-robot interaction 
........ Human-vehicle systems 
........ Smart cards 

Ultrasonics, ferroelectrios, and 
frequency control 

.... Fermelecb'ic materials 
........ Ferroelectric fi lms 
........ Relaxer fem>elecb·ics 
.... Frequency control 
........ Automatic frequency control 
........ Tunable circuits and devices 
............ RLC circuits 
............ Tuned circuits 
........ Tuning 
............ Laser tuning 
............ Optical tuning 
............ Tuners 
.... Plezoelectrlcity 
........ Piezoelectric effect 
........ Piezoelectric polarization 
... .Pyroelectricity 
.... Ultrasonic imaging 
........ Ultrasonograph y 
............ Sonogram 
.... Ultrasonic transducers 

Vehicular and wireless technologies 

... A utomotive engineering 

........ Automotive applications 
........ Automotive electronics 
........ Power steering 
....... .Vehicle crash testing 
....... .Vehicle detection 
........ Vehicle driv ing 
....... .Vehicle dynamics 
....... .Vehicle safety 
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... ... ...... Advanced driver assistance 
systems 
.... Land mobile rad lo equ lpment 
........ Mobile antennas 
. ... Navigation 
....... Aircraft navigation 
........ Course correction 
........ Dead rec ken ing 
........ Indoor navigation 
....... .Inertia I navigation 
........ Marine navigation 
........ Radio navigation 
........ Satellite navigation systems 
............ Global navigation satellite system 
............ Global Positioning System 
............ Satellite constellations 
........ Sonar navigation 
.... Propulsion 
....... Aerospace propulsion 
....... A ircraft. propulsion 
............ Propeller'S 
........ Elecb·omag netic launching 
............ Coilguns 
............ Railguns 
........ Elech'othermal launching 
........ Rockets 
.... Vehicles 
•.•••.• .1 ntelligent vehicles 
............ Autonomous vehicles 
............ Unmanned vehicles 
........ Land vehicles 
............ Bicycles 
............ Electric vehicles 
............ Road vehicles 
........ Military vehicles 
........ Space vehicles 
............ Space shuttles 
.... Wireless sensor networkS 
........ Body sensor networi<s 
........ Event detection 
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