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Emotional Machines
OUtline

ÅWhy it is important?

ÅWhatisan emotion?

ÅHowcanitberecognized?

ÅHowcanitbesynthesized?

ÅWhatarethemainusecases?

ÅHowdoesthemarketlook?
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Emotional Machines
Trends

ÅUbiquitous computing accessible via

ÅSmart mobile devices: phones, glasses, watches, 
t-shirts, implants, etc.

ÅHome automation: central intelligence controlling media, communication, 
environment

ÅAgingsocietygetssupportedbytechnologicalinterfaces

ÅUses natural interface: voice, gestures, wearables, é

ÅGets much nearer to user, unobtrusive

ÅWill be ŜƳƻǘƛƻƴŀƭ ōŜŎŀǳǎŜ ƛǘΨǎ ŜŀǎƛŜǊ: emotion expression is a channel of 
communication
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Whatisan emotion?



Emotional machines
Emotions and intelligence

ÅòFor decades, biologists spurned 
emotion and feeling as 
uninteresting. But Antonio Damasio
demonstrated that they are central to 
the life-regulating processes of 
almost all living creatures.ó
ÅBrain injuries specific to emotional 

processing robbed people of their 
capacity to make decisions, see the 
bigger picture, exercise common 
sense
ÅIn oppositiontoDescartes, bodyand

mindarenot separated
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Emotional machines
Categories

ÅΧŜǾŜǊȅƻƴŜ ŜȄŎŜǇǘ ŀ ǇǎȅŎƘƻƭƻƎƛǎǘ ƪƴƻǿǎ 
what an emotion is (Young 1973)

ÅCharles Darwin: The Expression of the 
Emotions in Man and Animals

ÅThe big four:
ÅAnger
ÅSadness
ÅJoy 
ÅFear

ÅbŜŜŘŜŘ ǘƻ ǎǳǊǾƛǾŜ ŀƴŘ αŎǳƭǘǳǊŀƭƭȅ 
ǳƴƛǾŜǊǎŀƭά

ÅManymorecatgoricalmodelsexist, e.g. 
9ƪƳŀƴΨǎsixottƭǳǘŎƘƛƪΨǎemotionweel
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9Ƴƻǘƛƻƴǎ ŀǎ ŎƘŀǊŀŎǘŜǊǎ ƛƴ tƛȄŀǊΨǎ αLƴǎƛŘŜ hǳǘά 
(anger, fear, joy, envy, sadness)



Emotional machines
PANKSEPPôSseven primal Emotions

ÅJaakPankseppwas a neuro-scientist who suggested 
seven emotion categories in men an animals that can 
be localized in the brain. 

ÅSearch  (anticipation, desire)

ÅRage ((frustration, body surface irritation, restraint, 
indignation)

ÅFear (pain, threat, foreboding)

ÅPanic/Loss ((separation distress, social loss, grief, 
loneliness)

ÅPlay ((rough-and tumble carefree play, joy)

ÅLust (copulation, mating)

ÅCare ((maternal nurturance)
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Emotional  machines
Dimensional models

ÅDimensions consider an emotion as a 
point in an n-dimensional emotion 
space.

ÅOne of the most well-known spaces is 
the PAD-space: 
ÅPleasure (valence)
ÅArousal (activation)
ÅDominance
ÅSpecific dimensions are better 

recognized by different modalities, e.g. 
activation in the speech but valence in 
the mimics
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Emotional machines
Appraisal theory

ÅAppraisal theory means that emotions are 
extracted from our evaluations (appraisals or 
estimates) of events that cause specific 
reactions in different people.

ÅE.g. Scherer's multi-level sequential check 
model

ÅThree levels of processing are: innate (sensory-
motor), learned (schema-based), and 
deliberate (conceptual)
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https://en.wikipedia.org/wiki/Appraisal_theory
http://emotionresearcher.com/the-component-process-model-of-emotion-and-the-
power-of-coincidences/

https://en.wikipedia.org/wiki/Appraisal_theory


Emotional machines
Modalities

ÅUser introspection: e.g. Emoticon, press buttonetc

ÅText: sentimentanalysis

ÅAudio: speech, extralinguistics

ÅVideo: facialexpression, gestures,  posture

ÅPhysiology: respirationrate, bloodpressure, skinconductivity, neuronal 

activity, speech(heldvowels)

ÅBehaviour, e.g. switchedroomoften, typingspeed

ÅContext: localization, weather, time ofday, otherpeopleôsmoodsetc.
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Emotional Machines
Where does the data comes from ?

Å Ideally from the application

ÅFroman applicationsimilartothe
target

ÅFromWizard ofOz scenario

ÅFromfieldrecordings(ăVera am 
Mittagò)

ÅFrominducedemotions(ăLost 
luggageò, ăAiboò)

ÅFromactors
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Felix Burkhardt, Astrid Paeschke, Miriam Rolfes, Walther F. Sendlmeierand Benjamin Weiss: 
A Database of German Emotional Speech,Proc. Interspeech2005

http://www.interspeech2005.org/


Emotional Machines
Which emotion exactly is meant?

Å20 listeners judged the distribution of four anger 
sub-categories in a German customer voice 
portal data.

ÅThe choice of subcategories  was based on a 
listener experiment undertaken by Banseand 
Scherer (hot, cold anger, despair, contempt).

ÅAll subcategories were attributed with a Kappa 
value of about 0.3 and they have distinct 
acoustic features.
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MaximilanSchmitt Masterthesis TU-Berlin 2018
Banse, Rainer; Scherer, Klaus (1996): AcousticProfilesin VocalEmotion Expression



Emotional machines
Where is the ground truth ?

ÅFivehuman labelersannotatedtheemotional 
contentoftextualdatausingfourcategories.

ÅA machine algorithm did the same 
classification.

Åòmajorityó means the majority voting of the 
human labelers.

ÅThe chart shows the Cohenõs kappa values for 
the so-called òinter rater agreementó, i.e. how 
much each rater agrees with all other raters.

ÅIt is a statistical measure relating the agreement 
to the agreement with chance level, given the 
categories and their frequencies. 
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labeler A labeler B labeler C labeler D labeler E majority machine

labeler A 1,00 0,20 0,19 0,10 0,24 0,27 0,15

labeler B 1,00 0,79 0,46 0,15 0,81 0,15

labeler C 1,00 0,47 0,19 0,83 0,14

labeler D 1,00 0,09 0,52 0,07

labeler E 1,00 0,29 0,10

majority 1,00 0,17

machine 1,00
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Howcanit be recognized?



Emotional Machines
Recognition by statistical classification

ÅBasic approach: 
Åextractfeatures, 
Åselectbestones, 
Åclassifyfeatures, 
Åfuseclassifieroutputs

ÅClassifiers: GaussianMixture Models: modeltrainingdataas
Gaussiandensities, Artificial NeuralNetworks(ANN), e.g. 
Multi Layer Perceptron, Support VectorMachines(SVM): 
useαkernelfunctionsά to separate non-linear decision
boundaries, ClassificationandRegression Trees(CART), 
Hidden Markov Models(HMMs) usedto modeltemporal 
structure

ÅDeepNeuralNetworks canoperatedirectlyon signal: end-
to-end approach
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Emotional Machines
example: Speech Features for classification

ÅTelephone speech: digital signal

ÅBase features, e.g. MFCCs

ÅProsody

ÅMicroprosody, e.g. jitter/shimmer

ÅPitch durations and energy

ÅFunctionals: Mean, max/min, 
ŘŜǾƛŀǘƛƻƴΣ ǊŜƎǊŜǎǎƛƻƴΣ ΧΣ

ÅText (as recognized by Automatic 
Speech Recognition)
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Emotional Machines
example: IVR Anger database

ÅA) Basic approach: 
Åextract features, select best ones, classify features, fuse classifier 

outputs

ÅApply different classifiers like Gaussian Mixture Models (GMMs), 
Support Vector Machines (SVM)

ÅB) Deep Neural Networks 
Åmight operate directly on base features: end-to-end approach

ÅResults: 

ÅCompared to 2009, the results improved 10% in average recall: 
80.1 % with a bidirectional LSTM network (ComParEfeature set) 
vs. 69.0 % with SVMs on a reduced feature set.
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Emotional machines
Demonstrator

ÅPress theărecordò buttonat thebottom

ÅLook intothecameraandsaysomethingof
aboutthreesecondslength

ÅTry tosmilewhileyouspeak

ÅThenpress thestopbottomat thebottom
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Howcanit besynthesized?



Emotional machines
example: Simulation of affective behaviour by Speech Synthesis

ÅDNN Synthesis: TTS with neural nets has been done since many 
decades. They replace the HMM approach to predict the best acoustic 
parameters for a given sequence of symbols representing text.

ÅHMM Synthesis: Synthesis based on Hidden Markov Models, a 
statistical approach to model the transition probabilities of the acoustic 
parameters based on the speech to be generated. 

ÅNon-uniform unit-selection: Best chunks of speech get concatenated, 
minimiznga double cost-function: best fit to next unit and best fit to 
target prosody. 

ÅDiphone-synthesis: Speech concatenated from diphone-units (two-
phone combinations), prosody-fitting done by signal-manipulation

ÅFormant-synthesis: Speech synthesized by physical models (formants 
are resonance frequencies in vocal-tract). 

ÅArticulatorysynthesismodelsthehuman voicetractbymathematical
models. Modeling dynamicsisdifficult.
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http://emosamples.syntheticspeech.de/



Emotional machines
ExampleEmofilt

ÅEmofiltisa tooltotransformtheprosodyofa 
givenutterancein ordertosimulateemotional 
expression

ÅItisbasedon Mbrolaforspeechgeneration
andan arbitraryphonemizationgeneratorlike 
MARY orTxt2Pho 

ÅMbrolaisa diphonesynthesizerfromthe
University ofMons withdatabasesfor34 
languages
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Whatarethe mainusecases?



Emotional machines
Five types of applications

a)Mediatedemotion

b)Affect recognition

c)Affect simulation

d)Modeling emotional intelligence

e)Modeling human emotional behavior
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