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AUtoAl: Autonomous Al

Longbing Cao ®, Editor-in-Chief

In the Al evolution, a significant and lasting vision and mission has been on
designing autonomous Al systems (AutoAl). AutoAl differs significantly from
another set of movements on automated machine learning (AutoML) and
automated data science (AutoDS), which are often deemed interchangeable with
automated Al. AutoML and AutoDS aim to automate some of the analytical and
learning tasks, processes, and pipelines. This issue highlights the theme on AutoAl:
Autonomous Al with six feature articles. My editorial further clarifies various
misconceptions, myths, and pitfalls about the three related and often confused
areas: AutoAl, AutoML, and AutoDS. This issue also includes an article on parallel
population and human in the column Al Expert, expert—-machine collaboration in the
column Al Focus, and another article on intelligent mobile spaces and metaverses
for the Al and Cyber-Physical-Social Systems (AlI-CPSS) department.

AutoAl: Autonomous Al, and present a few articles
for the columns Editor's Perspective, Al Expert,
and Al Focus, and the AI-CPSS department.

I n this issue, | am pleased to discuss the theme on

Automated machine learning (AutoML) and automated
data science (AutoDS) have made significant progress in
automating standard and modular analytical and learn-
ing tasks and processes. Typically, AutoML and AutoDS
focus on automating standard and decomposed tasks,
such as data cleaning, feature selection, hyperparameter
optimization, algorithm selection, and pipeline selection.
They rely on predefined and design-time techniques
such as search, selection, and optimization.

The resultant systems offer standard workflows, and
neutral techniques for search and selection, indepen-
dent of data characteristics, problem domain, analytical
and learning objectives and tasks, algorithm and model
design methodologies, and business expectations. These
enable the standardization, production, manufacturing,
and commercialization of machine learning and data sci-
ence for applications. However, they also result in limited
flexibility, adaptation, and learning capabilities, hence
constraining their flexible personalization, adaptive prob-
lem-solving, and actionable decision-support for specific
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domains, problems, requirements, data, scenarios, and
applications.

Unfortunately, the above settings and limitations
with AutoML and AutoDS have been carried forward to
conceptualizing automated Al. There are various con-
fusing and misleading conceptions, myths, or pitfalls
about these three areas in the literature and vendor
solutions. For example, some believe that automated
Al shares duplicated, interchangeable or similar con-
ceptions, designs, and techniques with AutoML and
AutoDS. Over the years of developments, machine
learning, data science, and Al have formed overlapping
but also significant distinct visions, missions, body of
knowledge, and practical specifications. It is thus
essential to clarify their conceptions and differences.
This drives this issue on AutoAl for autonomous Al.

AutoAl builds on the long-standing developments
of autonomous systems toward autonomous (beyond
automated) Al by integrating autonomy into broad-
reaching Al visions and missions. AutoAl goes beyond
AutoML and AutoDS and differs from automated Al in
various aspects, in particular:

» their distinct disciplinary visions and missions,
where Al has a much broader body of knowledge
and disciplinary scope than machine learning;

» the broader Al vision and mission of incorporat-
ing, simulating, and developing ubiquitous intelli-
gences and intelligence paradigms, in particular,
in relation to human mind, emotion and action,
natural intelligence, and societal intelligence;

» the much wider spectrum of Al tasks, objects,
and processes in developing intelligent systems
and applications; and
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» the more adaptive and evolving Al capabilities in
autonomous perception, communication, learn-
ing, collaboration, behaving, and decision-mak-
ing in unanticipated, uncertain, evolving, open,
and new scenarios.

For more information about AutoAl, interested
readers may want to read my Editor’s Perspective arti-
cle, “Beyond AutoML: Mindful and Actionable Al and
AutoAl with Mind and Action.”

Accordingly, this issue highlights six feature articles
relating to various aspects, issues, and applications of
AutoAl designs and systems.

The article “CACLA-Based Local Path Planner for
Drones Navigating Unknown Indoor Corridors” introdu-
ces an online local path planner for autonomous drones
in unknown indoor corridors. Their planner aims to build
the continuous actor-critic learning automation into
drones. It involves techniques including experience
replay and reinforcement learning for central position
alignment, steering control, and obstacle avoidance.

The article "Knowledge-Based Entity Prediction for
Improved Machine Perception in Autonomous Sys-
tems” improves machine perception through knowl-
edge-based entity prediction. The cyclic perception
through knowledge completion aims to infer and pre-
dict unrecognized entities. The proposal was tested in
autonomous driving and smart manufacturing.

In the article titled “Toward Social Situation Aware-
ness in Support Agents,” the authors discuss the key
requirements for an agent to be aware of social situa-
tions. A taxonomy with a conceptual architecture is pro-
vided for social situation awareness. The proposal is
useful for defining and developing social situation-aware
agents.

Cryptography plays an important role in ensuring
the security of autonomous systems. The article
“CryptoCligin: Graph-Theoretic Cryptography Using
Clique Injection” introduces a graph-theoretic encryp-
tion method using clique injection. It provides a more
secure mechanism without delays in encryption and
decryption.

Further, the article “Sensitivity of Logic Learning
Machine for Reliability in Safety-Critical Systems”
addresses the safety of autonomous systems. It stud-
ies how explainable Al can achieve reliability using
logic learning machine for rule tuning around safety
regions. They show that the reliability is dependent on
the characteristics of data analyzed rather than algo-
rithms at hand.

Lastly, the article titled "Recognizing Slanted
Deck Scenes by Non-Manhattan Spatial Right Angle
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Projection” further addresses safety monitoring.
They aim to understand deck scenes in a deck envi-
ronment. On decks with slanted structures, their
method clusters slanted angle projections and esti-
mates angle projections using a resource-con-
strained monocular camera.

This issue includes three column articles and one
department article.

In the Editor's Perspective column, my article
“Beyond AutoML: Mindful and Actionable Al and
AutoAl with Mind and Action” further expands the
above discussion on autonomous Al in a comprehen-
sive manner. | review the concepts of AutoML and
AutoDS and summarize their research landscape and
automation engineering of analytics and learning. |
then clarify the various misconceptions about
AutoML, AutoDS, and AutoAl. My focus is then on dis-
cussing what makes AutoAl and present the research
conceptual framework of AutoAl for autonomous Al.
In this article, | highlight the requirements for incorpo-
rating mind and action into Al and AutoAl. Accord-
ingly, a research landscape is presented to introduce
the concepts, developments, and directions of Al
mind and Al mindfulness for mindful Al and Al action
and Al actionability for actionable Al, two critical
areas for Al and AutoAl.

Al Expert presents the editor's view on “Parallel
Population and Parallel Human—A Cyber Physical
Social Approach.” From the perspective of cyber physi-
cal social systems (CPSS), the editor Fei-Yue Wang
and his coauthor discuss the ideas, structure, and
operational flow of parallel population and parallel
human for human-centered hybrid CPSS. They believe
such development is useful for constructing virtual
metaverses, a topic highlighted by several articles in
the recent issues of IS.

Al Focus presents the article titled “Expert-
Machine Collaborative Decision-Making: We Need
Healthy Competition” by Uwe Aickelin and his coau-
thors. They argue the differences and need of expert-—
machine collaborations, going beyond normal human-
Al interaction. They further discuss group decision-
making and competitive game theory for expert-
machine collaborative decision-making.

In addition, the Department on Al and Cyber-Physi-
cal-Social Systems introduces the article titled “Xsick-
ness in Intelligent Mobile Spaces and Metaverses.”
The authors discuss multifactorial motion sickness in
mobile spaces. They further discuss motion reduction
and human perception for motion sickness mitigation
and intelligent mobile spaces.
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It is hoped that my editor's perspective and the six
feature articles in this issue present a snapshot of
the conception, research issues, directions, techni-
ques, and applications of autonomous Al: AutoAl
and clarify various misconceptions and differences
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between automated Al and AutoAl for autonomous
Al. | hope this issue will inspire your thinking and
developments on autonomous Al beyond the exist-
ing landscape of automated machine learning, neu-
ral architecture search,
science.

and automated data

oi nI gne

IEEE Intelligent Systems provides peer-
reviewed, cutting-edge articles on the
theory and applications of systems
that perceive, reason, learn, and

act intelligently.

The #1 Al Magazine Intelligent

=

www.computer.org/intelligent & s u g re MmsS

September/October 2022

IEEE Intelligent Systems




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


