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Abstract This studyuses aremotion face recognition algorithrto detect andmeasure thesixbasic
humanemotions (anger, disgust, fear, happiness, sadnemsg surprise and contempt, where contempt
is experimentd| andneutral, asdefined by an Ekman classifiar British portraiture art between 1500
and 1910. Onlginglesitter portraitsare considered for the analysiand the images artakenfrom the
collection of The National Portrait Gallery in Londbheanalyzel images includexamples fromludor
and Elizabethan perigdstuart Portraits and the Civil War, Georgian and Regency Portaits,the
Victorian and Edwardian portraif4910).The researclexamines howthe measured emotion
recognition valuesire distributed throughout thgeriods, in which they were paintednd seeks a
dominant emotion byhistorical period, bya A (i JeSdedaddbya A (i dl&SdstEds Only sigle sitter,
oil painted portraits are considered, as a study by Kardinezynska has shown that the texture of an
image might affect the emotion measurements obtairigdan emotion face recogniticmgorithm *
Keywords Britishportraiture, cloudbased emotion recognition algorithrmetamethod classifier

1. Introduction

1.1.TheArt of the Face

In fine art, theartistic representatio2 ¥ I LIS NB& 2 y Q & . There@r® vakiolis porfas typed? NIi NI A
and subgenresg the full-length portrait, usually reserved for ruling royalty or nobility etthree-quarter

length portrait, and thehead-and shouldeportrait, which is thedominatingkind of portrait inart

history, as it presentthe image on the face iall anglesin which the sitter is positioned towards the

viewer (spectator).

Portrait art brings fortlthe characteristic of the period, in whighwas painted. In early Egypt, for

example, portraits only showed the subject in profilée Baroque portrait offersharp lighting and

dramatic interaction compared tahe Impressionist portrajtwhich pairs silence wittnelancholy.The

Romantic portrait is often described as higtsgirited and uplifting, yet it is not nearly as colorful as the
Expressionist portraiflhe talian portrait carrieghe extravaganzaf the Italian landscapelheBritish

portrait offersa i K Sietya theNDommonwealthwithA § & GRSt AOF 18> &S adzJi S

149Y20A2y wSO023ayAilA2yY ¢KS Ly¥FtdzSyO0S 2F ¢ SHBéeyrdBQa 5S5a 0N
Databases, Architectures and Structures. Towards Efficient Solutions for Data Analysis and Knowledge

Representabn, pp 427438

2 dPortrait Painting in England, 160080 Eatharine BaetjerDepartment of European Paintings, The

Metropolitan Museum of Art2003
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Portraiture arthas a comptiatedrelationship with emotionln portraiture art before the 19' Century

(before the invention of the camera},is consideredhat the more neutral a face appearethe higher

in society his owneranked According to Nicholas Jeeves from the Cambridge School diyAhe 17th
century in Européit was a weHestablished fact that the only people who smiled broadly, in life and in
art, were the poor, the lewd, the drunk, therincent, and the entertainmenShowing the teeth was for

the upper classes a mom@-less formal breach of etiquetté. | kdareferredto The Rules of Christian
Decorum and Civilityf 1703, bySt JearBaptiste De La Salle, to signify the importance of thlihe
teethhd ®¢ B KSNSE | NE a2YS LIS2L)X S ¢6K2 NI AAS (§KSANI dzLJLIS NJ
visble. This is entirely contradictory to decorum, which forbids you to allow your teeth to be uncovered,
AaAyOS yI GdzNB 3 @S 3deicefphiraidare ditBas Srved@delivdéra ndukabinfage

of the sitter:the individual is stpped ofemotion, not to distract from hissocial status, personal wealth,
skill set, and individualistinguished qualities. It is a testament to his sensseatfcontrol, where there

is no place for my temporary lapse into an emotional outburgtlso, it igust overwhelminghdifficult to
posewith a natural smile foalong-paintedportrait, andit is not until the early 19" century, when
photographs could be producesiiccessfullythat fleeting emoions became a part of thgortraiture

genre

Depending orthe number of individuals portrayed in an image, portraits can be definéaddiddual

family andgroupones. Thendividualor (as referred to in this papesjngle sittemportraits adhere to the
rules to appear unemotionaDn contraryhowever,groupandfamily portraits are partial to emotion,

as they strive to present complex family relations. Their role is to depict the rules of behavior, and the
hierarchies within the pictured group, and interactions and gaze are necessary to validate those
hierarchies.The family and group portraits will not be included in this research.

The images we selected are only single sitgamples of British portraiture art from the collection of

the Nationd Portrait Gallery in LondoThe studyfocuses only on oil gtraits, produced froml500

until 191Q as it is considered that in the late Middle Agastraiture painting became genre of its

own, while several factors in the Victorian era (mainly the rise of photography) brought about a decline

in British portraitart. Additionally|t is in the fifteenth centunfwith the invention of the canvasihat

portraiture art became more inclusive, &2 YYA daA 2y a 0 @dddonly incesdtheiigh o £ S &
clergy and noblemen, but members of other social groupgrcharts, craftsmen, bankers, humanist

scholars and artistssat for their portraits] SSLIAYy 3 GKSYaSt @Sax | dzr]ir&Gs f A i SN
diversityallows ugo derive measurements for differescial categories of sitters, as well as for both

genders.The portraits we selected have three common features:

- They all havene facein them;
- They all carry the characteristics of theriod in which they were painted;
- They all strive to appeareutral.

Posing in amnemotional andhaturallyneutral appearancdor an extendedperiod, howeverseemgust
as impossiblas keping a natural smile for lon§o,does some emotioteakthroughthe neutral
portrait? And does thagemotion offer an insight into th@eriod, in which it was paintétDoesit differ
by sitter? Is it affected bgender or tosocial status?

8 ¢The Rules oEhristian Decorum and Civility, divided ieo parts, for use in the Christian SchoéISt. Jean
Baptiste De La Sal&703 fttps://lasallian.info/wp-content/uploads/2012/12/ChristiarDecorumreprint-
2007.pdj , Accessed August 25, 2017
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This research offers aanswerto these questions by applying an emotion face recognition algorithm to
images of single sittgyortraits from the collection of the National Portrait Gallery in Londibiakes a
sample of images 976vhich belong tolhe Tudorand Elizabethan perigdip until The Victorian era
(1500¢ 1910)of British art historyandoffers aninsight into a newwvay of arthistorical analysis, pairing
contemporary emotion face recognitidnols, withbrute forceanalysisof the resultslt is unique, as it
combines the fields of art historgmotion face reognition, and machine learningy away, whichhas

not been donebefore.

1.2.The Science of the Face

In affective computing, the facial expression is one of the most widely acknowledged forms of scientific
modulation, which makes any the scientific representation of the face subjecttittteffects of

emotion. Emotions a elusive, ephemeral, ambiguous, and misleading. In 188&ever,Duchenne de
Boulogne (18061875), a French physician who pioneered modern neuroldgytified independent
expressive muses in the face. &ed on his workhe American psychologiftaulEkman and his team
KIS RS@St2LISR GKS a4aClFOAlLf 1 OlAz2y | t@eRustl@ang @ 3 GSY ¢
the emotion space. Ekman is a pioneer in researching facial emotion recognition from face analysis. His
research helped divide the humamaion in four categoriesfull emotion(standard emotion without
suppression)micro expressiofexpression of concealed emotion, which happens within less than 1/5th

of a second)restricted emotior{concealed emation), anslight emotion(a failed emotion). A person's

80 facial muscular contractions, and their combinations, give rise to thousands of expressions. A major
class of expressions are categed into seven basic emotiohappiness, surprise, contempt, sadness,

fear, disguseand anger. Ekman's research has shotirat expressions of emotion are identical across all
cultures; moreover, blind people display the same facial expressions as people who can see when
exhibiting emotion. Presently, most attempts to automate emotiocefaecognition are based on
91YlyQa Of lpndped df BhhFacial Actioi Bofling Systems are used in combination with
powerful Artificial Neuron Networks (ANNSs), analytics, data mining and machine learning to create
modern day facial emotion recagion software. [1]

2. Method

This studyusesone such facial emotion recognition platfora A ONR2 82 F i Qa ! 1 dzZNB / 23y A i
Emotion APbeta - to detect and measure the s{and contemptpasic emotions, and neutrah

examples of Britisportraiture art between 1500 and 1910 & dzZNB Q& 9 Y2 G AbAsgd ! t L A a |
emotion recognition algorithmyhich dtakes an image as an input, and returns the confidence across a

set of emotions for each face in the image, as well as bounding box foradbeffam the Face API. The

emotions detected are happiness, sadness, surprise, anger, fear, contempt, disgust or neutral. These
emotions are communicated crossilturally and universally via the same basic facial expressions, where

are identified by Emotio AP#’*dt recognizes the faces of up to 64 persaman imagecomputes the

face rectangls,and returnsan array of face entries and theissociated emotion scorels.provides a

score betweenOantdt F2NJ S+ OK 2T 9 leMiltsyrovidea BuMieridakvalyedothe ¢ K S
confidencewith which an emotion is detected by the algorithifine neutralemotion is the result of-
Sum(AllLEmotions) T dzZNBQa 9Y2(dA2y !tL &dzZJ}2NIa Fff Wt9DI tb

4 Emotion APl Overview, Microsoft Dobgtps://docs.microsoft.com/erus/azure/cognitive
services/emotion/homeAccessed August 25, 2017
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perfafms with frontal tonear frontal faceslts algorithms havéeen trainedmainlyon photographic
imagesof the facewith diverse quality

Theimages for this research have been selected fromdagbase of Thé&lational Portrait @lleryin
London, whicloffersthe largest collection aimages ofportrait paintings in the wdd. The imagewere
selectedusing theAdvanced Searchption of thePrimary Collection usirifpe following steps:

C Primary Collection of National Portrait Gallery in London
0 Advanced Search
A Portrait
1 Made Bdween (1500 and 191Q)Medium Type (painting)
A {dzo2S0Ga YR ¢KSYSa 6aSRAdzyY Xt
The output was sorted usindpe GalleryRecommendedption, displayin@0 results per page in 119
pages.

All images are in the same file foan(JPEG), ardimensions, as dowoaded by theLarger Image
option for each image on theebsite of The National Portraita@ery.

The role of emotion isingle sitter portrait differs from that damily and group portraitsThe purpose

2F GKS aAy33fASA ainz0 GrSINISA (LI20NZ NI KRASI A Y RA @A RdzF £ Q& NA OK S
remain in control, by remaining neutral. Family and group portraits, however, relied on emotion and

gaze to providehe connection and hierarchy amotigeir members, andhey do not adhere to the

Gy SdziNF f Aleé¢ NUz ST 06& GKAOK aAy3atsS aArdidSNI L2 NINFA
portraits were selected from the search resufamily and group portraits, which appeared in the

search resultsobtainedasdescribed abovewere ignored, and only single sitter portraits or all lengths

and head angles were selectém emotion measurement evaluation

The mages vere then downloade@nd organized in folders in the order of their appearance on the
searchpd S>> SIFOK AYIF3SQa ylIYS O2yaradAy3a 2F GKS Fdz £

2367 portraitsmatching these criteria were tmd. Of them1065single sitter portraitswere

downloaded in the order thegppeared in the searcii-hesavedimageswerethen input into AzZINB Q &
Emotion API for evaluatioone at a time. Only images, in which a single bounding box was found by
Azure and it belonged tdhe face of the sittefand notto a éghost imagein the background)\were

used for evaluationThe others were discarded

The resultant Emotion API evaluation yield&tbimages of oil portraits containing only single sitters
FYR RA&ALX FeAy3d 2yfte | aiay3at S aalcineRdoyidleddaanEs 2F (K
Excefile for evaluations oremotion measurements for all six emotiofmntempt),and neutral.

It has often taken artista period obeveral yeas to complete a painting. It is alsomnon for the
paintings from 18 and 17" centuries that art historiansassign an estimatepleriod, in which a portrait
was createdThus in the Yearcolumn of the datdile, the last assigned year for the painting was noted
for example, in the portrait ot homas Wentworth(1st Baron Wentworth, Tudor and Jacobean Portraits
database entry, by Unknown AngMetherlandish artist, oil on panel, circa 15803, NPG 1851) the year
1550was considered as the year of paintiagd the portrait wvas then assigned to the historical peat

of that year.ThePeriodcolumnof the data file categorizes the selected images by the final year per
their descriptions, and assigned to the period in British art history, to which that year belefigeidr,
Stuart, Georgianor Victorianperiod.
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AGendercolumn was created, keepingttO] 2 F @ K$ nathgiwh&heddhiey waBnalRod NI
female

Finally, &StatusO2 f dzYy ¢l 4 I RRSRZ ¢gKSNB y20Sa 2F (GKS ardast
to Royal & Nobl¢Kings, Queens, Dukes, etar)NonRoyal(merchants, artists, scientist, etc.) category
for evaluation.

The emotion values for aitterswere then evalated in both arExcepreadsheetand in Wekaand
results were produced for deriod Genderand Royals vs. NeRoyalcategoriesThe results for all six
(and contemptlemotions measured reflect what Ekman would considstricted emotionsor slight
emotions as the rules, by which single sitter portsdit the times between the Tudgrand theVictorian
eras were painted, call for neutral expressions.

3. Period Highlights andEmotionMeasurements

3.1.Early English KingsTudor and Elizabethan E{h485¢ 1603)

The Tudor and Elizabethan period covers the Tudor dynasty from the defeat of RichaBbHWorth
Field by Henry Tudor, later crowned Henry VII, in 1485; the reign of Henry VIII to his death in 1547;
through the long reign of Elizabeth | from 1558 to 1803isperiodis noted as the one dfealing,
population growth, economic upheavaha optimism, followinghe dark days of the Black Death and
the agricultural depressiarThe increase ipopulation however broughtabout anincrease in

migration land shortage, low wageand widening of the gap between the rich and the pdidre
Reformation transformed English religion during the Tudors, with Henry the VIII replacing thagope
the head of the Churcimaintaining the Catholic doctrines, but agiag the path to ProtestantisndiThe
Tudors embraced portraiture and its political apptions. Henry VIII commissioned from Holbein a
larger than lifesize mural so realistic that visitors trembled before it. For Elizabeth |, portraits helped
create the myth of a perpetually youthful Virgin Queen. And once the Tudors had also extinguiahed,
the Reformation, any British tradition of religious art, there was no turning back. Unable to paint God,
S LI AYGSR 2dz2NESt gSadé

Many portraits of monarchduring this periodvere not painted from lifebut ¥ NR2estabished

patterns of facialikeness that circulated am@ | NdioskshapginStead Many portrats of Elizabeth |
were produced throughout her long reign, bslie rarey sat for portraits from lifeRather,sketctesof

her face ¢r pattern drawing) were used to transfeand tracel her featuresonto the primed wooden
panel, andhen painted in. Picture $hows emotion measurements for thprtrait of Elizabeth I,

known as the 'Darnley Portrdinamedafter one of itsprevious ownes, and is one of the most
accomplished portraitsfdQueen Elizabeth in existena@his portrait was almost certainly painted from
life, and the resulting pattern for the queen's face was to be repe&tethe remainder of her reigrit

5 Genealogy of the Tudorkttp://www.npg.org.uk/assets/files/pdf/collections/pickups/genealogy.pdf

6 Art History NewsA too brief hisbry of British portraiture September 23 2015
http://www.arthistorynews.com/articles/3560 A _too_brief history of British_portraitusccessed Augusb2
2017
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was an image that was much reproduceahd is more lifelike than some of Hater portraits which
createdtheA RS 2F |y | 35t Sadaa +*ANHAY vdsSSSy o

Detection result:
1 faces detected

JSON:

[
{

"faceRectangle": {
"top": 102,
"Jeft™s 221,
“width": 96,
"height": 96

1

"scores": {
“anger": 0.000158841751,
“contempt”: ©.0004908383,
"disgust": ©.000104130639,
"fear": 6.311628E-85,
“happiness": ©.0007388269,
Queen Elizabeth | "neutral”: ©8.9769155,
by Unknown “sadness": ©.0209844969,
continental artist "surprise": ©.006544261
circa 1575 3
NPG 2082 }

Picture1:! T dzZNB Q& 9Y2idA2y !tL YSF&adaNBYSyida F2NJ G4§KS a5

Although the Elizabethan peridd5581603)is noted aghe GoldenAge of British history, iteit two
decades were marked lwars against Spain and the Irislociceconomic distressand open criticism of
her government and its failurédeavingthe Stuarts with numerous problems to solve

165 image samplesf Tudor and Elizabethgvortraits were downloadedrom the collection of the
National Portrait Gallery in Londdor emotion measurements and evaluatiohable 1 shows thmean
the standard deviationand thecoefficient of variatiorper emotionmeasurements. Highlighted atke
mean values for happiness and sadn&iagram 1 provides a visualizatiohthe moving averagéof
the previouslOdata point LISNJ SY2 (i A 2 y 5 isplicBdbidaSacon@adziyvtical Axiw
allow for bettervigbility.

Emotion Mean Standard deviation Coefficient of Variation
Anger 0.008716 0.034528 396%
Contempt 0.003641 0.006668 183%
Disgust 0.001133 0.004761 420%
Fear 0.000430 0.001200 279%
Happiness 0.019053 0.074168 389%
Sadness 0.014800 0.029357 198%
Surprise 0.006590 0.024860 377%
1 ¢ neutral 0.054364 0.093665 172%

Table 1:Mean and St. Dev Emotion Measuremeritador and Elizabethan Period

"The National Portrait Gallerg, KS v dzSSy Qa [A1SySaay t2NINIAGa 2F 9t ATl o€
http://www.npg.org.uk/research/programmes/makinart-in-tudor-britain/casestudies/thequeenslikeness
portraits-of-elizabethi#darnleyportraif Accessed August 25, 2017

8 John Cramsie, "The Changing Reputations of Elizabeth | and James VI & |," Revi¢igt®andovering books

and digital resources across all fields of history (review no. 334 June 2003)
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Tudor, Moving Mean (10)
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Diagram 1 Shows the moving mean (MM) of emotions for the Tudor and Elizabethan period
(averaged by 10). The neutraélue is placed on a secondary verticakaso that it the trend of the
other emotions can be visible

Even thougmeutralis the dominant valuéor this peiod, happiness, sadnesmgerandsurprisewere
also detectedOverall, however, the evaluated images from this period exhibited the lowest levels of
restricted(per Ekmangmotions.

3.2.Stuart and Civil War (16@31714)

This ighe period ruled by the House of Stuart, aadime, punctuated by the English Civil War
Canmonwealth and Protectorate. Six monarchs ruled in this period, which was highlighted by betrayal
and executios, by parliament dismemberment and religious strife, by debt and protests, and by
stagnation in population growthl'his portrait of KingCharles IRicture 2) is noted for its unusual for The
Stuart period intimacy, and is an interesting example of an image, which measured rightempt

one of the dominating emotion measurement for the Stuart Perkidg Charlesdnherited his fathe's

belief in the 'Divine Right of Kings' and became the greatest of all British royal art patrons and collectors.
His dismissal of Parliament and personal rule, however, along with his imposition of taxes and attempts
to impose religious uniformity led eueually to civil war. He was defeated and tried on the charge that

he 'traitorously and maliciously levied war against the present Parliament and the pibepdin
represented®® He wasexecutedin 1649.

9 Portraiture, West, Shearer. Oxford : Oxford University Press, UK 2004 Accessed August 26, 2017
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Detection result:
1 faces detected

JSON:
[
{
"faceRectangle": {
“top": 162,
“left": 288,
"width": 151,
"height": 151
I8
“scores": {
“anger": ©.002085052,
“contempt":|0.26271,
"disgust": ©.00234341738,
King Charles | “fear": 3.22904962E-05,
by Gerrit van “happiness": ©.0517034419,
Honthorst “neutral”: ©.6409374,
oil on canvas, 1628 “"sadness": ©.0399572849,
NPG 4444 “surprise": 0.00023111458
© National Portrait }
Gallery, London }

Picture2:! T dzZNB Q& 9Y20iA2y !'tL YSI&dz2NBYSyida F2N G§KS LI

312imagesof oil portraits from the collection dthe NPGwvere evaluate for this period Table 2 shows

the emotionmean,the standard deviationand theCVmeasuremens for the emotiormeasurements
200GFAYySR o6& 1 dz2NBQ& 9 Y zhighlightfg thetvaluestfid@agpinésksadndssi dzZl NI LIS
andcontempt It is important to note that the standard deviation for #lfee emotion measurementsi

also high, indicating a high dispersiethe data points from the mean.

Emotion Mean Standard Deviation Coefficientof Variation
Anger 0.002033 0.007773 382%
Contempt 0.006605 0.027895 422%
Disgust 0.000484 0.001903 393%
Fear 0.000124 0.000714 578%
Happiness 0.025865 0.072189 279%
Sadness 0.008787 0.020838 237%
Surprise 0.001674 0.009712 580%
1 ¢ neutral 0.045572 0.083774 184%

Table 2:Mean and St. Dev Emotion Measuremer8tuart Period

Diagram 2 offers a visualization of the moving m@divl) values for the periodaveraged by 20, ah
that the spike iraveragehappineswalue for the Stuart eras nq‘geworthy, because @oincides with the
GAYS 2F YAy3a /KIFENISa LQa SESOdziAz2y o



Stuart, moving mean (20)
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e Anger == Contempt Disgust Fear

Happiness== Sadness === Surprise = Neutral

Diagram 2 Shows the moving mean (MM) of emotions for the Stuart period (agedaby 20).
The neutral valués placed on a separate axis, that it the trend ofemotions can be visible.

The later years of the Stuart period are noted for the time, when private and university education in

England and Scotland, became widely available to thmganale of the upper class. The time of the

Dt 2NA2dza wS@2ftdziAz2y omcyyo0>X glFa al RSOA&AADS oNBI |
2F 9y 3aAf Il YR adzLINY Waf pa2ed & Wy, invila frolyi Boyftehpi and to distinct emotion
measirement values for this researclihe Georgian period to follow offers a cornerstone of emotional

values.

3.3.Georgiarand Regencyl714¢ 1837)

This period encompasses the Hanoverian age from 1714 with the reigns of King George |, King George ||
and KingGeorge lll, as well as the Regency under King George IV and up to the death of King William 1V

in 1837 It is defined irthe emergnce ofRomantic poetry, imevival of the Gothistyle in architecture,

and bythe birth of the Industrial RevolutiarTheperiod washoth dynamic angrosperous as cities

grew, trade expanded, and popular culture blossomed. The Georgians disfhayiedvest approval in

monarchy in Brish history, and witnesseithe abolition of theslave tradein 1807, followed by the total
abolition of slavery in1838 ¢ KS FANRG LIK2(3G23INI LIKAO G(SOKy2f23ASa
of royalty and other celebrities (far more accurate than paintings) allowed members of the public to feel
GKSe ¢gSNBE OASoAYyI QRSERSLBILRSOFAZH RIKS MEBEKOSNBR
¥ A ESTRedsthile had madits way intoportraiture.

Women artists also make their debut into portraiture in this period, and it is refreshing to find two

women among the founding Members at the Royal Academy: Angelica Kauffman and Mary Moser

(Picture 3).Both were very gifted artisfsvho struggled to maktheir voices heard, yet remainedtive

and influential in a malelominated society.

10 England's Glorious Revolution 168889: A Brief Histgrwith DocumentsSteven C. A. Pincu&)05
11 British Library Cataloguéttp://www.bl.uk/learning/timeline/item106980.html
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374 instancesvere evaluatedn this period, making the image sample the largest per period in this

Mary Moser
by George Romney
oil on canvas, circa 1770

17

NPG 6641

Detection result:
1 faces detected

ISON:
[
{

"faceRectangle”: {

© National Portrait }
Gallery, London }

t

L

239,

0.000270313642,
": 0.00349028921,
: ©.000258601562,

0.0001233662,

s“: 0.05913102,

ral”: ©.9143368,

e": 0.000767670339

YSIF &dzZNBSYSyida F2N at

NE

researchTable 3 shows thmean standard deviationandCWalues per emotion for the Georgian
period, and it is important to note that this is the period, which exhibits the highest average values for
happinesf all four periods measured.

Emotion Mean Standard deviation Coefficient of Variation
Anger 0.002986 0.015760 530%
Contempt 0.002900 0.006426 221%
Disgust 0.000533 0.003232 608%
Fear 0.000092 0.000589 640%
Happiness 0.048962 0.129390 265%
Sadness 0.012330 0.049363 402%
Surprise 0.001583 0.008747 554%
1-neutral 0.069389 0.140185 203%

Table 3:Mean and St. Dev Emotion Measuremer@gorgian Period

az2aSNJ

Diagram 3 offers a visualization of the moving mean (MM) average of 20 of the emotion values for the
Georgian period. There are two peaks in the happiness values in Diagram 3. The first peak coincides
with the Jacobite rising of 1745; the second peak7/fidmark the beginning of the French
Revolutionary Wars, which dragged for nearly a quarter century, till 1815.



Georgian, moving mean (20)
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Diagram 3:Shows the moving mean (MM) of emotions for the Georgian period (averag@0).
The neutral valués placed on a separate axis, so that it the trend of the other emotions can be
visible.

On June 20 1837, Victoria became Queen of the United Kingdom, after the death of her uncle, William
IV. The average happiness value is seetetdine.

3.4.Victorianand Edwardiar{1837¢ 1910)

The Victorian Era incorporates the long reign of Queen Victoria from 1837 to 1901, with the reign of
King Edward VIl to 1910. Duri@gieent A OG 2 NA I Qa NBAIYyI . NAGFAYy &I &
the world. Science angrogressmade a great impression on thermndit felt that they could inprove
society in the same wathey were improving technology. Britain was the leading world center for
advanced engineeringnd technology. Its engineering firms were in worldwidend@d for designing

and constructing railways. The Victorian advances in transport and communications sparked a social,
cultural and economic revolution. Ideologically, howevbkey witnessed resistance to the rationalism,
which grounded the Georgians, aad increasing turn towards romanticism and mysticism in all areas
of social life.

There are two cholera epidemics between 1832 and 1888 uppeiclass womerbreastfed their
children, weakening the immune systems of thafispring, andVictorian nursees were infested with
mumps, diphtheria, measles, and rubella. Middle class men might celebrate tieiditday, but
children were lucky tdavelived to 5.

¢tKS 9y3IftAaK KAAG2NALFY [ATIF tAOFNR 6NAG &is&a ab 2
LISyye 2NJ a2 7T2N az2Té&e vied tBefdiys @ yidiESptEnt magf Yaskyhie Ripper,
of the circus, the street artist, and the zoos.

Two developments began tofect the slow death othe paintedBritish portraitfrom the mid-19th
Century onwardsdThe first wad/ictorian fashiopand the desire to cover everything up; all those
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frocks, long coats and beards left little of interest to paint. The secondhat®graphy which not only

encouragedus] to see p@ple caught in a single mome#t? but alsomade portraiture art available to
all social classes

|Detection result:
|1 faces detected

JISON:
[

{
"faceRectangle": {
"top": 169,
"left": 264,
“width": 87,
"height": 87
1
"scores": {
“anger": 0.000194822482,
"contempt"”: ©.0008609508,
"disgust": ©.00022290925,
Sydney Smith “fear": 1.07198257E-05
replica by Henry Perronet “happiness”:
3:?:““35 - "neutral”: ©.110728789,
e w&rk of i833 "sadness": ©.0004730109,
NPG 1475 "surprise": 0.000110306624
© National Portrait }
Gallery, London | }

Picture 4:Emotion measurements in Azure for Sydney Smith

Sydney SmitPicture 4) was an English writenost famous fohis érhyming recipeor salad dressing,

butalsol Y26y F2NJ KA& A0 Y2y3d gKAOK aidNRd§dda KAA 203
inferior sort of Scotland. | A & LJ2 NJiiddxdeptianallik gogitiSedd thdictorian days, from the

sweet satisfaction on his face, to the easdisposture.

Onlyl125instanceswere evaluatedor this period. Their measurements forean standard deviation
and CVare shown in Table 4.

Emotion Victorian Mean Standard deviation Coefficient of Variation
Anger 0.0117298 0.0446565 381%
Contempt 0.0040560 0.0096154 237%
Disgust 0.0007732 0.0016394 212%
Fear 0.0003648 0.0014299 392%
Happiness 0.0349816 0.1034278 296%
Sadness 0.0097926 0.0210765 215%
Surprise 0.0040992 0.0190747 465%
1-neutral 0.0657971 0.1148603 175%

Table 4:Mean and St. Dev Emotion Measurementgtorian Era

12 A too Brief History of British Portraitur8eptember 2003
http://www.arthistorynews.com/articles/3560_A too_brief history of British_portraityrAccessed August 26,
2017



Victorian, moving mean (10)
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Diagram 4:Shows the moving mean (MM) of emotions for the Victorian period (avedagy 10).
The neutral valués placed on a separate axis, so that it the trend of theepemotions can be
visible

Diagram 4 provides a visualization of the moving mean for the Victorian period, and it is indicative of the
declining values of happiness, to be laged by higher valued of anger.

4. Results per Gender

Females a underrepresented, compared to malkesth in our sample, anth British portaiture art in
the selected periodrom 1500 t01910. In the entire collection of the National Portrait Gallery in
London an advance search by Sitter/ Gender returns an overwheldtigl9 mée sitter portraits in
contrast to only 16,302 female sitter portraifgnly 34.97% female sittersjhe ratiobetween male and
female artists is even more staggering 7,485 male to 899 female artists in the entire col{ectipn
12.01% female artistshnh our data sample, the female sitters are representeably 140 instances
compared to8337 males, or 16.73%ven with that underrepresentatiginowever the results of this
research show, thaemales ehibit higheraveragehappiness valuesnd measue lower on sadness,
compared to the male sitters. The males, wdaminatethe sample, also dominateay sadness, ayer,
contempt over the female gender. (seable 5)
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Emotion Male Female Overall

Mean St.Dev Ccv Mean St.Dev Ccv Mean St.Dev Ccv
Anger 0.005344 0.025820 483% 0.001345 0.008717 648% 0.004770 0.024164 507%
Contempt 0.004667 0.018196 390% 0.002509 0.003992 1599 | 0.004358 0.016925 388%
Disgust 0.000724 0.003293 455% 0.000205 0.000719 351% 0.000650 0.003065 472%
Fear 0.000200 0.000926 463% 0.000163 0.000774 476% | 0-000194 0.000906 466%
Happiness 0.028890 0.092002 318% 0.069619 0.146332 210% 0.034732 0.102595 295%
Sadness 0.012386 0.038165 308% 0.004746 0.013235 2790 | 0.011291 0.035776 317%
Surprise 0.002147 0.011078 5160%| 0.006567|  0.027267 4150%| 0.002781]  0.014635 526%
1- neutral 0.054358 0.106849 197% 0.085154 0.148421 174% 0.058775 0.11426 194%

Table 5:Emotion Measurements Gender

It is important to note, that the standard deviatimalues for all emotions aralso high, showing the
great varietyin measurements.

Mean by gender

0.08
0.07
0.06
0.05
0.04
0.03
0.02

0.01 I
m_ (- _ [ =

Anger Contempt  Disgust Fear Happiness Sadness Surprise

H Male ®Female Overall

Diagram 5 Average of the emotions per gender

Diagram 5 shows the average emotion per gender for 140 female and 837 male instances for all four
periods studied.

5. Results forRoyalty, Rulers andristocracy

An advanced search fdRoyalty, Rulers and Aristocraay the NPG portrait databasesults in3,190
returns for sitters, who were tagged as roy@ai.themonly 1,008 wee male and images were available
only to 2,154 instanceg99 royalsand477 nonroyal sitters have made it into our sample of images
selected from the period betweeb5001910. The high number of royals is due to the fact, that before
the 17" century, before the invention of the canvas, portraits were painted on wooderels, which

were expensive, and reserved only for the ones, who can afford it. Portrait art in the Tudor and Stuart
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periods weredominated by the wealthyThe PosGeorgian times saw a rise in the nmyal samples.
Table 6shows the average mean and te&ndard deviation values for both categories. The results
suppot the concept that average emotion measurements in British portrait art for the representatives
of the Royal clasare lower, that those of the nomoyals. Hence, the research supports theory that

emotionin British portraiture in the periods evaluated,l a

NEaSNIBSR FT2NJ GKS

entertainmenté Sientists, merchants, people of tradehilosopherswere patrayed less neutrally that
the members of the British royal families. Thalues of the standard deviation for the nooyals also
attests to thegreaterdiversity of measured emotions in nanyals.

Emotion Noble Non-noble Overall
Mean St.Dev CV Mean St.Dev CV Mean St.Dev CV

Anger 0.003263| 0.017326| g53q04| 0.006347| 0.029595 466% 0.004770 0.024164 507%
Contempt 0.003792| 0.012521| g33004| 0.004950| 0.020529 415% 0.004358 0.016925 388%
Disgust 0.000536| 0.002743| 512%| 0.000768| 0.003365 438% 0.000650 0.003065 472%
Fear 0.000208| 0.000863| 414%| 0.000180| 0.000948 527% 0.000194 0.000906 466%
Happiness 0.027206| 0.080799| 297%| 0.042605| 0.120772 283% 0.034732 0.102595 295%
Sadness 0.010198| 0.031031| 304%| 0.012433| 0.040113 323% 0.011291 0.035776 317%
Surprise 0.002245| 0.011527| 513%| 0.003342| 0.017280 517% 0.002781 0.014635 526%
1- neutral 0.047448| 0.090406| 191%| 0.070626| 0.133747 189% 0.058775 0.114260 194%

Table 6. Emotion measurements Royalty, Rulers and Aristocracy

Diagram 6 offers a visualization of the results in Table 6 for the average emotion measurements per
emotion for 499 royals and 477 nenyals.
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Diagram 6:Mean measurementg Royalty, Rulers and Aristocracy
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6. ResultsAnalysisin Weka
6.1.Weka,Auto-Weka andSMOTE

Wekais widely used opersourcecollection of machine learning algorithms for data mining tasks. It
contains tools for data prprocessing, classification, regression, clustering, association and
vistalizations.This research uses a number of those tools, both directig the EM unsupervised
clustering algorithm for clustering and visualization; and indiredtlyough AutoWeka for classification
of the dataset.

Data classification is just one of many kinfisupervised learningvhich Weka can perfornThe goal of
aclassifieisda 12 o0dzAf R I 02y OA&asS Y2RSt 2F GKS RA&AGNAROdziIA2
The resulting classifier is then used to assign class labels to the testing instances where the values of the
predictor features are known, but the value of tiet | & & € | 0 S'tForitsiclaskfichtigr ¢ y @ ¢
algorithms, Weka uses inductive machine learning: the process of learning, a set of rules from instances
(examples in a training set), or more generally speaking, creating a classifier that can be used to

generalize from new instances

Auto-Weka is a metalassifiect a4 aGSY RSaA3IYySR (2 Fdziz2YlF GaA
29Y! Qa fSFENYyAy3 f3I2NAGKYaA FyR GKSANI NBalLlS
using a statef-the-art B& Sa A I y 2 LKit’sstydies thelinp @ gatd,éand selects the optimal
algorithm to analyze itAuto-Weka 2.0 was built to make data analysis easy for users with little data
mining experience, and when given a dataset, it automatically selects the optimal classification
algorithm.

7z

oI f e
OlUA@DS

A ax

Forthe datasetin this researchAuto-Wekawas usedo build three classificationmodels, which can
accurately classify the dagat. The first model classified the databgtgender of thesitter, basedon
the six emotions (and contempt), and neutradlues it was provided’he second modellso used the
emotion valuedor all 976 sitters to build a classification model for all four periods. The third,
successfully classified the data by rogiatl noblevs. nonroyaland noble

In this study as the dataset is imbalanced for bajenderand period SMOTE: SynthetMinority

Oversampl Y3 ¢ SOKY AljdzS 6 F2dzy R dapR8iatbverSainplityanetFddl dsédS NJ O ( S
SMOTEs anoversampling approach that creates synthetic samplbih can be used fatata

classificatiorof instancedor imbalanced dataset#\ dataset is imbalancedf the classification

categories are not appximately equally representedhe SMOTE filter can be found in the

Preprocessingab of Weka, and was used in combination with AWeka to build classification models,

which performed with higher accuracyhis research uses angersamplingechniquefor both gender

and periodclassifications, to optimize empirical performance imstoucting the classifiers.

13 Supervised Machine Learning: A Review of Classification TechriijilgsKotsiantjisnformatica 31 (2007) 249
268

14 Auto-WEKA 2.0: Automit model selection and hyperparameter optimization in WEKA

Lars Kotthoff, Chris Thornton, Holger Hoos, Frank Hutter, and Kevin Lgtom.

LY Wa|wd MyoHpPpOYMbLpPZ HAMT
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6.2.Classification Results Outpoer Gendeiin Auto-Weka withwithout SMOTE

Classification using clasabalanced data is biased favor of the majority clas3.he problem can be
attenuated by undersampling or oversampling, whichduce clasdalanced data®

The dataset for this research is imbalanced for female instandd® females to 83ales.Females
are also underrepresented, howevém, British portraiture art in the periods between Tudor and
Victorian eras, aththe obtained data sample reflecthis underrepresentationTo use the data for
classification in AutdWekawithout a preprocessing for the minority class was a challeagehe
underrepresentatiorof females confused the classifier aled to inaccurate clasfication results

When given the raw data in .CSV file for al(@hd contemptlemotions and neutral, and for gender,
the Auto-Weka classifieraeturned a success rate of correctly classified instance8&¥%, but closer
look atthe confusiormatrix, revealed that the classificatiomas unsuccessfulnd the classifier could
not distinguishbetweenthe gendes, based orthe emotion values providedseeFigure 1)

Betore Smote

correctly Classified Instances 837 85.6704 % Class: Gender (Nom) T;H Visualize All
Incorrectly Classified Instances 140 14,3296 %

Kappa statistic 0

Mean absolute error 0.246

ROOt mean squared error 0.3504

Relative absolute error 100 %

Root_relative squared error 100 %

Total Number of Instances 977

=== Confusion Matrix ===
140

a b <-- classified as |
0140 | a = Female
0837 | b=male

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area Class
0. 500 0.

0.000 0.000 0.000 0.000 0. 000 0.000 143 Female
1.000 1.000 0.857 1.000 0.923 0.000 0.500 0.857 male
weighted Avg. 0.857 0.857 0.734 0.857 0.791 0.000 0.500 0.754

Figure 1:Auto-Weka ClassificatioButput for Genderwith SMOTE

To correct the classnbalancethe SMOTESynthetic Minority Ovesampling Technique) filten the
Preprocessing tabf Weka, was used.

5 SMOTE for highimensional classnbalanced dataRok Blagus and Lara LuBMCBioinformatics201314:106
https://doi.org/10.1186/1471210514-106
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After SMOTE
—_

[Class: Gender (Mom) |'H Visualize Al
correctly Classified Instances 1654 98.6285 %
Incorrectly Classified Instances 23 1.3715 %
Kappa statistic 0.9726
Mean absolute error 0.1196
Root mean squared error 0.1771
relative absolute error 23.9237 %
root relative squared error 35.414 %
Total Number of Instances 1677

=== Confusion Matrix ===

a b <-- classified as
838 2 | a = Female
21 816 | b = Male

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area Class

0.998 0.025 0.976 0.998 0. 986 0.973 0.999 0.999 Female

0.975 0.002 0.998 0.975 0. 986 0.973 0.999 0.999 Male
weighted avg. 0. 986 0.014 0.987 0.986 0. 986 0.973 0.999 0.999

Figure 2 Auto-Weka Classification output f@é@enderwith SMOTE

The success rate of the classification increased to 98.62 %, and the confusion matrix shows that 838
instances were classified Bmmaleunder class, and 816maleinstances were placed in cldssResults
are shown in Figure 2.

6.3.Classification Results @uit per Period in AutéNeka with and without SMOTE

Auto-Weka correctly classifietthe dataset by period foall six(and contemptemotions and neutral,

only when the dataset wadivided in PreGeorgian(includingand instances before 17)4ndPost
Georgiandll instancesfter 1714) In Figure 3the classification results were obtained without any
preprocessing in Weka. Classifying for emotion by all four periods, however, was only successful after
SMOTE for each imbalanced clgestass ¢ (Gargian) was used as a reference claasd the other

classes were synthetically oveampled

Correctly Classified Instances 793 81.1668 %
Incorrectly Classified Instances 124 18.8332 %
Keppa statistic 0.6223

Mean absolute error 0.3558

Root mean sguared error 0.3879

Relative absolute error 71.2053 %

Root relative sguared error T77.6096 3%

Total Number of Instances 977

== Confusion Matrix =—
a b <-- classified as
363 114 | a = Tudor s Stuart
70 430 | b = Georgian & Victorian

=== Detailed Accuracy By Cla3ss ===

TF Rate FF Rate Precision Recall F-Measure MCC ROC Rrea FRC Area Class

0.761 0.140 0.838 0.761 0.798 0.625 0.906 0.907 Tudor & Stuart
0.860 0.239 0.730 0.360 0.324 0.625 0.906 0.909 Georgian & Victorian
Weighted Awvg. 0.812 0.191 0.814 0.812 0.811 0.625 0.9086 0.908

Figure 3:Auto-Weka Classification output fére- and PostGeorgianPeriod
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Figure 4 shows the confusion matrix for the classification of instances for -altsntemptemotions,
and neutral, before SMOTE. The correctly classified instances were only 42.57%.

Auto-WEKA Classifier result per: |Per period before SMOTE

best classifier: weka.classifiers.trees.LMT

Correctly Classified Instances 416 42.5793 %

Incorrectly Classified Instances 561 57.4207 %

Kappa statistic 0.1367

Mean absolute error 0.3335 . - J ) :
Root mean squared error 0.4085 Class: Period (Nom) [ l S o
Relative absolute error 94.4891 %

Root relative squared error 97.2376 %

Total Number of Instances 977 74

=== Confusion Matrix === 3

classified as
= Tudor 165

Stuart 1346
Georgian
VWictorian

=== Detailed Accuracy By Class ===

a b ¢ d =
63 19 77 6 |
30 53 2z7 2|
36 45 290 4 |
21 38 56 10 |

TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area Class

0.382 0.107 0.420 0. 382 0. 400 0.285 0.737 0. 362 Tudor

0.170 0.153 0.342 0.170 0,227 0.021 0.599 0. 388 Stuart

0.773 0.598 0.446 0.773 0.566 0.181 0.621 0.479 Georgian

0. 080 0.014 0.455 0. 080 0.136 0.148 0. 651 0. 285 Victorian
;n'e'l'ghted Avg. 0.426 0.298 0.410 0.426 0. 375 0.143 0. 641 0. 405

Figure 4 Shows the AutéNeka Classification output féxll FourPeriods without SMOTE

After SMOTE for each undsampled period, the percentage ofrcectly classified instances based on
the measurementsill six emotiongand contempt) and neutral, per period increased to 96.05%, shown
on Figure 5.

Auto-WEKA result per Period, afer SMOTE]
best classitier: weka.classitiers. lazy. LWl

Correctly Classified Instances 1411 96,0517 %

Incorrectly Classified Instances 58 3.9483 %

Kappa statistic 0.9474 -

Mean absolute error 0.2032 LSRN, |r]
Root mean squared error 0. 2486

Relative absolute error 54.1911 % i

Root relative squared error 57.4259 % = =

Total Number of Instances 1469

=== Confusion Matrix ===

a b ¢ d <-- classified as
353 3 3 3| a = Tudor

1 345 5 7 b = Stuart

2 17 349 a | C = Georgian

2 3 6 364 | d = Victorian

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area Class
0.975 0. 005 0.986 0.975 0. 9581 0.874 0. 999 0.997 Tudor
0. 964 0. 021 0.938 0. 964 0.950 0.934 0. 995 0. 985 Stuart
0.933 0.013 0.961 0.933 0.947 0.930 0.995 0.985 Georgian

Figure 5Results of AuteWeka for Royals to Nobles
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(andcontempt)emotions, andhe neutralvaluewas possible for royal vs nanyal classes, shown on
Figure 6.

Auto-WEKA result { Royal wvs Non-Royal]
best classifier: weka.classiTiers.trees. RandomForest

Correctly Classified Instances 1425 97.0048 %
Incorrectly Classified Instances 44 2.9952 %
Kappa statistic 0.94

Mean absolute error 0.1446

Root mean squared error 0. 2085

Relative absolute error 28.9649 %

Root relative squared error 41.7302 %

Total Mumber of Instances 1469

=== Confusion Matrix ===
a b «<-- classified as
746 16 | a = RarN
28 679 | b = non

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area Class

0.979 0.040 0.964 0.979 0.971 0.940 0. 996 0.9495 RorM

0. 960 0.021 0.977 0. 960 0. 969 0. 940 0. 996 0.995 nar
wWeighted Awg. 0. 970 0.031 0.870 0.970 0. 970 0. 940 0. 996 0.995

Figure 6:Result AuteWeka Classification for Social Status after SMOTE per period

6.4.Result Cluster Visualizations with WEKA

The EMExpectatiorg Maximization)clustering algorithm of Weka uses statistical methods to produce
probabilistic clusters, relying on inferred (latent) variadfesheEM Qustering generates probabilistic
descriptions of the clusters byeanandstandard deviatiorfior numeric attributes, andalue countgor
nominal attributesIn the Training Set, Percentage Sgi6% of the dataset for trainingjuster mode

option, the EM clustering method trains itself on 66% of the dataset provided, and uses the rest 33% for
training. In theClasses to clusteevaluation modethe EM algorithnoutputs the loglikelihood, assigns
classes to the clusterand piints the confusiommatrix and the error rate.

An EM Clustering model for male vs female clusters for gbkis contemptemotions and neutral was
built in the Classes to clusters evaluation on training dakthod. The results are shovimTable 7.

8 The EM Clustering Algorithm in Wekéatthew Mayq Jan 3, 2017
https://mmmayo13.github.io/2017/01/03/errclusteringalgorithmweka/, Accessed August 26, 2017
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Attribute Cluster 0 Cluster 1 (0.4)
(0.6)
Neutral
mean 0.9759 0.8718
std. dev. 0.0467 0.1702
Anger
mean 0.0001 0.0079
std. dev. 0.0002 0.0295
Contempt
mean 0.0013 0.0068
std. dev. 0.0015 0.0203
Disgust
mean 0 0.0011
std. dev. 0 0.0037
Fear
mean 0 0.0004
std. dev. 0 0.0011
Happiness
mean 0.0209 0.0846
std. dev. 0.0459 0.1692
Sadness
mean 0.0014 0.0182
std. dev. 0.0021 0.0425
Surprise
mean 0.0002 0.0084
std. dev. 0.0004 0.0252

Table 7:EM Clustering Model (Classes to clusters evaluation on training\ddtadsby all siXand
contempt)emotions, and neutral for male and female instances

Clustered Instances per all six emotions, and neutral for Female and Male
0 989 ( 60%)
1 659 ( 40%)
Log 1ikelihood: 34.44114
Class attribute: Gender
Classes to Clusters:
0 1 =<-- assigned to cluster
559 252 | Female
430 407 | male

Cluster 0 <-- Female
Cluster 1 <-- Male

Incorrectly clustered instances : 682.0 41.3835 %

Figure 7:Confusion matrix and Incorrectly clustered instances for female and male on(alhdix
contempt)emotions and neutral

This EMclustering methodvas the only one in Weka, which produced results for correctly classified
instancesf over 55%. Mualizatons for happiness and sadness per period, gender and royal vs non

royal were made, shown in Figuresi@.
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Stuare Victarian

Figure 8 Weka FOURIuster EM (Neural Network) aization for Happiness (Y) over all fd@eriods
(X) afer SMOTEHilter for Gender was applied (color blue is feamaleand red forMale)

Tudor Georgian
Stuart Victorian

Figure9: Weka FOUR Cluster EM (Neural Network) Visualization for Sadness (Y) over all four Periods (X)
after SMOTE filter for Gender was applied (cetbbluefor Femaleand red forMale)
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0.91

0.457

0. 000000028
0.00000085

Figure 10Unsupervised clustering with Weka for Happiness (Y) to Sadnessr (@mpder for all Four
Periods &er SMOTE for Femaleolored blue folFemaleand red forMale)

6.4.2. Clustering for Royal vs. ndtoyalin Weka

0.457

0.000000028

Stuart

Georgian

Victorian

Figure 11Weka FOUR Cluster EM (Neural Network) Visualization for Happiness (Y) over all four Periods
(X) after SMOTE filter for Period was applied (color blue Rdgealand red forNon-Roya)
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0.46

0.00000085 &

Georgian
Stuart Victorian

Figure 12Weka FOUR Cluster EM (Neural Network) Visualization for Sadness (Y) over all four Periods (X)
after SMOTE filter for Period was applied (color blue iRfmraland red forNon-Roya)

7. Conclusion

In conclusionthis research offers a new way of lookingpattraiture paintings, bringing emotion
recognition and machine learning algorithms to portrait analysis. Although the idea that single sitter
portraits should be painted neutral has been known to both artists and art historians for centuries, this
study pgovides a numerical value to thdegree ofneutrality in British portraiture painting between 1500
and 1910 as detected by the algorithnfror all the 976 single sitter portraits evaluatdtk results of

the emotion face recognition measurements taken¥fro ! T daXdidd #API for this data sampkhow

that the portraits were painted witmeutrality of emotion in mind, aseutralis the dominating valuéor

all four periodsthe mean oheutral= 0.941225andCV= 124 (seen in Tabl&)

Measurements

for Neutral Anger Contempt | Disgust Fear Happiness| Sadness Surprise 1 -neutral
mean 0.941225| 0.004770| 0.004358 0.000650| 0.000194| 0.034732 0.011291 0.002781 0.058775
stdev 0.114257| 0.024164| 0.016925 0.003065| 0.000906| 0.102595 0.035776 0.014635 0.114260
cv 12% 507% 388% 472% 466% 295% 317% 526% 194%

Table 7

Some emotions do leak through the paint, however, and it is possible to measure their values, and to
analyze them within the parametsrof the periods, in which the portraitgere painted. These emotions
differ per gender and saali status of the sittersand our results showed that females on average are
happier than males; that male sadness valaee higher than those of the femalis the same period;
that royals exhibit higheneutral valueghan nonroyals.

The results show thdemale sitters daneasure higher on happinessompared to malesvhile male
sitters measure higher on sadnessompared to femalesThe royal instancgzresent a higher degree of
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neuffélity, compared tdhe non-royals (merchants, scientists, artisefc.), andthe overalldisplay of
emotionincrease fron Tudor to Victorian portraitysee AppendixGraphsl and 2 for mean and
standard deviation of all emotions per all four periods stuglied

These results are consistent in evaluating the dataset both in Excel, and in Weka.

Thisstudy depends on foysarametersc portrait format; periods selected, emotion face recognition
algorithm chosen, and data evaluation methods uded:ould be fair to assume, that since the images
were taken from a publisource, they weravith a relaively low resolution, yet further research could
investigate whether higher resolution images (where the size of the bounding/bokd be with a
higher pixel resolutio)) would provide a higher certainty values the emotion values measuredt.
would bealso fair to assume, that Italian gaaits for the sameperiods, mightyield a different emotion
curvefrom that of British portraits, aportrait art is influenced by the pladge which it was paintedviS
Azure Cognitive Service Emotion API is thewgolsed irthis researchand itis publicly available for
use.Using a differenemation face recognition algorithmg one, that can output additional information
like gender confidence, ethnicityonfidence and age, can bring othparametes to theresearch.

This researchs unique, a@t presentsguidelines for data selection, methods and evaluatiowhich could
be applied to obtairbetter insight into portrait art, and the emotional states of its subjett®ffers
possible tools and directions ot historians to analyze their collections differentlyis assumed that
the greater the samplewithin the smallerthe period, more accurate resultsould bederived



2 Universiteit

| Leiden
The Netherlands

Bibliography

1.
2.

3.

P. Ekmar& Friesen, W. V. (2003)nmasking thd-ace. Cambridge: Malor Books., p.12

N. SchneidefThe Art of the Portrait (Masterpieces of European Portrait Painting -14Z0)
1994

Microsoft Cognitive Serviceszure Emotion API
https://docs.microsoft.com/erus/azure/cognitiveservices/emotion/homeAccessedugust
26, 2017

N.JeevesThe Serious and the Smitktps://publicdomainreview.org/2013/09/18/theserious
andthe-smirkthe-smileiin-portraiture/ Accessed August 13, 2017

National Portrait Gallery, Online Collection August 2016 http://www.npg.org.uk/collections.php,
Accessed\ugust 22, 2016

R. Picard, Affeive Computing. MIT Press, 1997

S. Porter and L. ten Brinkeeading Between thdds Identifying Concealed and Falsified
Emotions in Universal FaciadgeessionsPsychological Science, vol. 19, no. 5, ppg508,
2008.

Weka 3- Data Mining with Opeisource Machine Learning Software
http://www.cs.waikato.ac.nz/ml/weka/documentation.htmlAccessed August 23, 2017



https://docs.microsoft.com/en-us/azure/cognitive-services/emotion/home

Universiteit

) Leiden
The Netherlands

Appendix
Mean for all Emotions
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Graph 2¢ Standard Deviation for all FOUpriod
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Graphs 3, 4, 5 and @nteractive Visualization Produced by Weka for the emotions per period






