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Abstract

Recent advances in emotion modeling and continywas

gress in robot design pose an intriguing questiam emo-
tion-capable robots be constructed? This paper snt®m-

pose an emotion model as a first step in this erate&on-

crete concepts from existing advanced emotion nsodate
been built upon to develop a new comprehensive otenp
tional model of emotions. This model bridges the dpee-

tween physical sensations and emotions to allowtsoto de-
velop a dynamic emotion system. It organizes emstioot

just as opposites, but also as reverses of eadr, attitical

for managing resources. The model further categsreom-

plex emotions based on evolutionary pressures engrgy-

based, object-based, social-based, and confronthtieed
emotions. Categorization of emotions gives an auttit

flexibility in designing robots.

Keywords: Emotion Model; Emotion-Capable Robots

I ntroduction

Long gone are the days when emotions were considere

illogical. Today, engineers design and develop @met
capable systems with new found fervor (Arbib & Be#,
2004; Breazeal, 2003). Computer games, softwaretage
pet toys, and simple robots now exhibit emotionst tBere
is a big difference between exhibiting emotions &w®ling
them. This gap is no where more apparent thanhbatso

A robot which exhibits human emotions, yet underdta
nothing else about the human experience, doesomvirece
even the most wishful of observers. Much like a batbr,
the observer is left to wonder if there is anythiagl about
the emotion exhibited by the robot. The problemas that
robots can't be designed to feel emotions; the lprabis
that we don’t have a model that allows for emotitmbe
felt. This paper hopes to bridge that gap.

Why Emotion-Capable Robots

The fact that millions of years of evolution haveduced
life forms with complex emotion systems should bewgh

to convince anyone that such systems provide awosalble
benefits to the survival of these life forms. Irtfaincrease
in the cognitive powers of the higher order liferfis has
not diluted their emotional complexity. We are therfect
example of this phenomenon.

Behavioral responses to environmental stimuli carcéte-
gorized as reflexive, emotional or cognitive. Reifle re-

sponses do not require much analysis or brain pdwtiare
made quickly. Cognitive responses require the rapsiunt
of brain power, but are made relatively slowly. Eimoal
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responses fall somewhere between these two in mespo
time and the required brain power. But what makesnt
stand out is their ability to manipulate the phiagical and
mental state of the life form to increase its clesnof sur-
vival. And that is what differentiates emotionabpessing
from reflexive and cognitive processing — thatsitpurely
designed to increase the entity’s chances of sakviv

An emotion system will be activated when a stimuilega-
tively or positively affects the survival of thetén. Cur-
rently, robots do not enjoy the independence tliatrolife
forms enjoy. But the time will come when robotslwiéed
to be free from human control. At such a time, ill Wwe
crucial that they make decisions to increase ttieinces of
survival. Those decisions can not be made for threid-
vance, as their environment can not be easily predinor
can all robots respond the same way. We must dmfmts
what nature has done for us, and that is to eduemtwith
an adaptable system for survival. An emotion systgejuast
such a system.

The Mode

Tremendous amount of analysis has gone into dewgjop
sophisticated models of emotions. Every aspectraft®ns
have been used to uncover clues to the structurenaf-
tions, including functional, behavioral, cognitivphysio-
logical, neural, facial expressive, linguistic, amablution-
ary aspects of emotions. The model presented lades t
some of the most concrete concepts from these m@ohel
adds new concepts to lay the foundations for argatimo-
tion-capable robots.

Pain and Pleasur e, and the Basic Emotions

A well discussed concept in advanced emotion madelse
concept of basic emotions. Plutchik (1980), baseéwwlu-
tionary concepts, identified eight basic emotiond aeatly
paired them as four opposites. Ekman (1992) idedtifive
basic emotions based on universal signals. Johhaind-
and Oatley (1992) developed their basic emotionghen
analysis of the ontology of simple social mamma&her
methods used to identify basic emotions includesityrof
neural firing (Tomkins, 1984), forms of action résebs
(Frijda, 1987), and hardwired response (Panksepg2;1
Gray, 1982). But perhaps the most basic of basiotiens
were offered by Mowrer (1960) and Weiner and Graham
(1984). Mowrer identified pleasure and pain as dasno-
tions due to their unlearned nature. Weiner andh&ra
identify joy and sorrow as the basic emotions sithey are
attribution independent. And here lies the conectbe-



tween feelings and emotions. In the model presehézd,
pain and pleasure are identified as feelings, fier $ame
reason Mowrer identified them as basic emotionses€h
two feelings are directly tied to what this modehsiders
basic emotions, sorrow and joy.

Pain and pleasure are considered to be our mastduides
to avoiding and seeking things for our survival.r Foat
purpose, there is no learning involved. Pleasuideguus to
seek things that improve our survival chances, fimn-
suming food to reproduction. Pain, on the otherdhdo-
cuses our attention to events that are decreasinghances
of survival.

Pain and pleasure are directly responsible forigashg
emotions. The most immediate emotions instigategdin
and pleasure are sorrow and joy respectively. Sorsahe
recognition that an event has occurred that hagilbcause
pain. Joy is the recognition that an event has meduthat
has or will lead to pleasure. Winning and losingnew is
always a good example here since the value of mbasyo
be learned. Winning the lottery may not be physical
pleasurable, but it is joyful. That recognitioniimportant
since the brain has learned that possessing moitidyring
pleasure later on. Equally, losing money at the lgamm
table may not be physically painful, but it is sadthg as
the brain has learned that it will require muclorteses and
hard work to replace the lost money. A simpler wéjook-
ing at it: joy is the felt when an event occursttél bring
us pleasure and sorrow is felt when an event odbatswill
give us pain. The difference is that pleasure aaith pre
hardwired sensations with no room for cognitivelgimpu-
lation, while joy and sorrow require learning anahcbe
cognitively manipulated.

Sorrow and joy provide a layer of sophisticatiorthe feel-
ings of pain and pleasure. They allow the entitpadsociate
events that may not immediately cause pain or pteas
with those feelings. Considering the systematiduian of
the brain (MacLean, 1967) and the different pattsviay
formation can take through the brain to generatetiems
(LeDoux, 1989), it is easy to see how and why serand
joy would evolve from pain and pleasure.

To define pain and pleasure for a robot, it muséetpeipped
with the ability to recognize its state of survivRecogni-
tion of depredation of equipment can be definecbais,
requiring the robot to focus attention on elimingtithe
source of pain. Replenishment of resources canefiaed
as pleasure, guiding the robot to seek replenishmokits
resources.

The robot must be given the ability to recognizd associ-
ate events that indirectly or eventually lead tonga pleas-
ure. This learning is critical in creating a dynaraimotion-
capable system. The occurrence of these eventdrigijer
the emotions of sorrow and joy.

Appraisal

on their value to the survival of the entity. Relage to
preferences, goals, motives, coping potential, iemdoral-
ity, are among the many factors that can contriltatéhis
calculation (Scherer, 1997; Lazarus, 1991). Theraping
of events will determine whether one likes somaghia
happen or not. It also explains why the same evantgen-
erate different emotions in different people, oerdiffer-
ent emotions in the same person at different tinTdse
value of appraisal describes the intensity of theotéon
(Sonnemans & Frijda, 1995), allowing different nane be
given to different intensities of the same emotiéppraisal
can be unconscious, due to repeated exposure teathe
event, or conscious, deliberately done to assestuation
(Lazarus, 1991). It can take place before or dfierelicit-
ing emotion (Frijda, 1993). The appraisal before &mo-
tion, causes the emotion, and the appraisal dfésemotion,
helps in measuring the effectiveness of the emotod
modifying it, if need be.

Here too, appraisal plays a central role. Its valkeether
negative or positive, is used in conjunction withey fac-
tors to define emotions. The value of appraisalsessn
defining the intensity of the emotion felt. It ilks@ used to
give different names to the same emotion, distisigiag for
example, annoyance, anger, and rage. Reevaluati@am o
event, leading to a new appraisal value, is idieatibs one
of the processes that would trigger a reverse emoBut
perhaps the most important claim made in this madel
regard to appraisal is that it assigns a surviwele to
events based on the amount of pain or pleasureattegx-
pected to cause. As explained previously, that oreasx-
actly describes the amount of sorrow or joy thenéweill
generate.

The robot must be able to feel different intensitté pain
and pleasure, based on how its survival is infleen¢Jsing
this measurement, the robot will be able to appraigents
accurately. Complex appraisal factors, such as iralitp
and motives, are built over many years of analgihat
causes pain and pleasure. That is why it takes feachil-
dren to develop a sense of what is right and whatrong.
A robot can and must go through the same procesieto
velop these values. And it need not come to theeseon-
clusions we have come to.

Anticipation and Surprise: The Learning Emotions

The ability to anticipate events plays a criticalerin this
model. Anticipation and surprise have been idesdifas
emotions in some models (Plutchik, 1980) while ¢tgd in
others (Ortony, Clore, & Collins, 1988). Althought@ipa-
tion and surprise have all the characteristics mabtéons,
namely physiological modifications, behavioral ri@ts,
and cognitive focus, here they are not consideradtiens
but are considered to be responsible in givingnisitg to
emotions. The higher the anticipation of an emotrmiuc-

ing event, the more intense the emotion experienced

Among the fundamental concepts shaping most addanceéEqually, the higher the surprise from the occureent an

models of emotions is the notion of appraisal (Adno
1960). Events are appraised, negatively or po$jtilmased
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emotion inducing event, the more intense the emotix-
perienced. The emotion experienced depends on &her



tors present. While some consider anticipationresaf the
many factors in the appraisal of events (Ortongl.et1988),
here it is considered an evolutionary leap, faraesd from

Henry (1986) describes five basic emotions dueotonional
activities. He claims these to be anger, fear, egion, ela-
tion, and serenity. Fear and anger require the hodyre-

other learned factors in the appraisal processnaedssary pare for confrontation while serenity prepares libely for

for generating more complex emotions.

Emotions are separated into two groups: those duthe
appraisal of an occurred event and those due tapgheisal
of an anticipated event. Joy and sorrow occur du¢hé
appraisal of an occurred event. Other more complar-
tions are due to the anticipation of events tHaand when
they occur, they would bring joy or sorrow.

The robot needs to continuously monitor the envirent
and predict occurrences of events as they relatts teur-
vival. If it predicts an event that would affect gurvival, it
will trigger complex emotions. If the outcome istmehat it
expected based on previous learning, surpriseiggetred

recuperation. Elation prepares the body for agtigitd ex-
penditure of energy, while depression preparedtuy for
inactivity and conservation of energy. The funcéibe-
scription of serenity suggests that it is the regesf anger
and fear. That is because the removal of stimali daused
anger or fear will lead to serenity. The functiodalscrip-
tion of elation and depression on the other hasdms to
suggest that they are opposites of each other. @aheyot
necessarily reverses of each other, since the ranud\the
stimuli that caused one of the two emotions wilt neces-
sarily activate the other. The hormonal descriptibthese
emotions confirms these finding, but further firttat ela-

which would adjust its knowledge base and the amoti tion and depression also act as reverses of eheh ot

triggered by the incorrect prediction.

Opposite and Rever se Emotions

Emotions have been characterized as oppositexbfather
for some time now - anger opposite of fear, prigpasite
of shame, and love opposite of hate. But there rieagr
been an organized way of describing emotions aarsesg of
each other — relief reverse of fear, disgust reverfslove,
and remorse reverse of pride.

Opposite emotions are activated by opposite stinfdar,

Catecholamine hormones (epinephrine and norephineph

rine) are released when in fear or anger. Thesmdmes
help in maintaining the ability of neurons to fiig, effect,
prolonging the autonomic nervous system’s (ANSuaab
Epinephrine also causes the release of glycogémeitiver
which produces energy. Serenity on the other hegdljces
the release of catecholamine and hence reversmddi+
monal effects of fear and anger. Serenity is acis@ re-
verse emotion.

Depression causes hypothalamus to release coototr-

for example, occurs when a more powerful opponént a'eleasing hormones, which influence the pituitalgnd to

tacks. Anger occurs when a less powerful opponeaties.
These two are opposite stimuli as the opponentncarbe
judged both more powerful and less powerful attime of
the attack.

Reverse emotions are activated by reverse stifolifol-
low the example given above, relief occurs whenrttoze
powerful opponent stops the attack. The attackhleyrmhore
powerful opponent and the stopping of the attaekraverse
stimuli. The latter is simply the removal of therfeer. This
makes relief the reverse of fear, and visa versa.
Considering the massive effects emotions have a@n
physiology and the cognition, it only makes serisg ainy
emotion be coupled with a reverse emotion to coantéts
effects in case the environmental conditions chdnaped
the emotion eliciting stimuli are removed. An opip®g&mo-
tion could reverse the physiological and cognitffects of
an emotion, but it would require opposite stimalibie trig-
gered. A reverse emotion, on the other hand, simgayires
the elimination of the original stimulus.

Clearly there is a functional purpose and a cogmibasis
for the existence of reverse emotions. But if eoratiwere
ever to evolve as reverses of each other, hormeffedts of
emotions would be the best indicators of such arudion.
This is because, of all the characteristics of @nat hor-
monal changes are by far the slowest responsesatians.
If the environmental conditions reversed, a revers®tion
would need to counteract the hormones already setkas
soon as possible to maximize the utilization of ilabde
resources.
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release adrenocorticotropin. In turn, adrenocotriyn
activates the outer adrenal gland which releasasogbrti-
coid hormones including cortisone, corticostercared hy-
drocorticosone. Elation, on the other hand, inkilbite re-
lease of adrenocorticotropin, glucocorticoids, asmtor-
phin, acting as the reverse of depression. Elation,its
part, releases testosterone perhaps because fthe @m
afford to expend energy. Depression repressestbase of
testosterone, and therefore acts as a reversatigrel

Behavioral responses can also point to the existefae-

thverse emotions. Rolls (1998) alludes to this notidrre-

verse emotions through the analysis of reinforatimuli.

He postulates, for example, that the presentatimhtermi-
nation of negative reinforcer produce the emotiohsear
and relief respectively.

The robot, once in an emotional state, needs tstaatly
reevaluate the emotion eliciting event to determifni¢ is

still justified to be in that emotional state. Amational

response utilizes resources and therefore canhtaxabot.
If the emotion is no longer justified, a reverseofion needs
to be triggered to release the resources.

Categorization of Emotions

A newer concept utilized in emotion models is th&gori-
zation of emotions based on the varying mechanisrchw
instigate them. This categorization uncovers thaticgship

between emotions. Roseman, Antoniou, and Jose Y1996

categorize emotions based on whether they wereedag
circumstance, by self, or by other. Ortony, et (41988)



categorizes emotions based on whether they invayects,
caused by actions of agent, or are simply consemgseaf
the situation. In the model presented here, foujomsur-
vival mechanisms that control human behavior aes ue
categorize emotions. The desires to replenish gneros-
sess objects, live successfully in social groups, protect
the survival of self, are the four environmentaégsures
that seem to have influenced the development otien®
This categorization works well for designing robd®bots
that are not going to be used in social settingsdneot be
equipped with the social-based emotions. Robotsstiauld
not take confrontational stances need not be eqdipyth
confrontation-based emotions. It is also easy totkat ro-
bots may be put in situations were none of thesegoaies
assist the robot in surviving. Adding another catgghat
does not exist in nature is made easy with thisehod

It must be noted here that the names assignedmplex
emotions below, represent a group of emotions. Mken-
bers of each group differ only in intensity. Forample,
anger, rage, and annoyance, are all representezhdsr.
Rage is a more intense version of anger and anceyiam
less intense version of anger. It should also liechthat the
names given to these emotions is not as importsritoay
they are triggered and what function they serve.

Energy-Based Emotions The function of energy-based

emotions is simple; expend energy when necessaggito

needed resources, and reserve energy when needed

sources were out of reach. Consumption of foodorgti®n

of heat to help in digestion of food, and othercépapecific
events related to replenishing needed resourcggetrien-
ergy-based emotions. Energy-based emotions inctbde
opposite emotions of excitement and depression,tiasid

respective reverses, disappointment and rejuvenéiiable

1).

Table 1: Energy-Based Emotions.

Anticipating a Posi- Anticipating a Nega-

tively Appraised tively Appraised

Event Event
Increase Excitement Depression
Decreasq Disappointment Rejuvenation

Excitement is defined as the anticipation of a ey ap-
praised energy-based event. In other words, exeitens
the anticipation of joy in the context of energwciEement
prepares the body for action and expenditure ofggnen
the hope of replenishing needed resources. Theseanees
in turn allow the body to produce more energy atftitio
byproducts it needs to continue functioning.
Disappointment is defined as the reduction in gvaiton
and/or positive appraisal of an anticipated, pesiyi ap-
praised, energy-based event. In other words, dsappent
is the reverse of excitement. It occurs when théyereal-
izes that either the anticipated energy-based jafant is
not as likely to occur as previously calculatedh® event
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is not going to be as joyful as previously thoudhither

way, the entity needs to reverse the physiologibahav-
ioral, and cognitive movements which occurred assailt
of the emotion of excitement. Basically, the evesmats not
worth the level of excitement, and hence the lefeinergy
expenditure, it originally initiated. Disappointmeadjusts
that to its proper level.

Depression is defined as anticipating a negatiaplyraised
energy-based event, in other words, anticipatingosoin

the context of energy. Depression is the oppoditexoite-

ment because an event can not be appraised batlvelgs
and negatively in the context of energy. Deprespi@pares
the body for inactivity and conservation of ener§yents
that cause depression include the coming of winteich

alludes to the reduction in energy sources andsusy an
injury which requires conserving energy, by shgttdown
non-essential activities, to heal.

Rejuvenation is defined as the reduction in argitgn

and/or negative appraisal of an anticipated, negigtiap-
praised, energy-based event. In other words, raptien is
the reverse of depression. It occurs when theyerddlizes
that either the anticipated energy-based sad esemit as
likely to occur as previously calculated, or thestvis not
going to be as saddening as previously thoughteEivay,
the entity needs to reverse the physiological, iehnal, and
cognitive movements which occurred as the resulexef
periencing depression. The event, simply put, ditjustify

tee level of depression, and hence energy consenyat

caused. Rejuvenation adjusts that to its propel.lev

Object-Based Emotions Possessing objects have proven to
be an evolutionary successful exercise. Land fazigg,

fruit trees for picking, supplies of water for dking, and

caves for hiding, are among few objects creaturage h
sought to possess. Strong houses, better farmfandy

cars, nice clothes, and expensive jewelry, are gnodjects

we seek to possess, as they are believed to iecraas
chances of survival. Object-based emotions incthéeop-

posite emotions of love and hate, and their respece-

verses, disgust and acceptance (Table 2).

Table 2: Object-Based Emotions.

Anticipating a Posi- Anticipating a Nega-

tively Appraised tively Appraised
Event Event
Increase Love Hate
Decreassd Disgust Acceptance

Love is defined as the anticipation of a positivappraised
object-based event. Love encourages the entityoBsgss
the loved object in anticipation that such a posiseswill

bring it joy at some point in the future. Like Isetless in-
tense version of love.

Disgust is defined as the reduction in anticipatamd/or
positive appraisal of an anticipated, positivelypiagised,
object-based event, and hence, it is the reversavef The



entity, either miscalculated the appraised valugpadsess-
ing the object, or the conditions have changedesthe last
calculation was made. It needs to reduce the amoiuet-
fort it expends on maintaining the possession efdhject.
Boredom is the less intense version of disgust.

Hate is defined as the anticipation of a negatieglgraised
object-based event. In other words, hate is thiipation
of sorrow in the context of possessing objectseHsgtcour-
ages the entity to expend energy in trying to dispss the
object in anticipation that continued possessiolh bwing it
sorrow at some point in the future. Dislike is tbss intense
version of hate.

Acceptance is defined as the reduction in anti@paand/or
negative appraisal of an anticipated, negativelgraiged,
object-based event, and therefore, it is the revefshate.
The entity reduces the effort expended in tryingligpos-
sess the object as it realizes that either it nostated the
appraised value, or the conditions have changeck sis
last calculation.

Social-Based Emotions Environmental pressures have
forces many species to join in groups to increhsé sur-
vival chances. It is only natural to expect thatiabbased
emotions would evolve in these species. The watkpgaas
a strict hierarchy of dominance where the highemivers
eat and mate first. If resources are scarce, therloanking
members are deprived of food and eventually ejefrzd
the group. Higher ranks will get the best of evieinyg, from
mating rights to grooming rights, all of which witicrease
their chances of passing on their genes to the gemeéra-
tion. Social-based emotions include the oppositetiems
of pride and shame, and their respective reversesorse
and vindication (Table 3).

Table 3: Social-Based Emotions.

Anticipating a Posi- Anticipating a Nega-

tively Appraised tively Appraised
Event Event
Increase Pride Shame
Decreass Remorse Vindication

Pride is defined as the anticipation of a positivegbpraised
social-based event. In other words, pride is thecigation

of joy in the context of social standing. Pride @mnages the
entity to exhibit its achievements and associationshe

anticipation that such an exhibition will bringjaty at some
point in the future.

Remorse is defined as the reduction in anticipatiad/or
positive appraisal of an anticipated, positivelypigised,
social-based event. In other words, it is the rexerf pride.
The entity realizes that the event was not worthlével of
pride, and hence the level of energy expenditureas de-
voting to exhibit its achievements and associatidRe-

morse adjusts that to its proper level.

Shame is defined as the anticipation of a negatiag-

praised social-based event. In other words, shamthea
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anticipation of sorrow in the context of social retang.
Shame encourages the entity to hide its achievesremd
social associations in the anticipation that sutkehibition
will bring it sorrow at some point in the future.
Vindication is defined as the reduction in antitipa and/or
negative appraisal of an anticipated, negativelgraiged,
social-based event, and based on that, it is therse of
shame. The event, simply put, did not justify tegel of
shame, and hence hiding the achievements and assosj
it caused. Vindication reduces the effort affordadthat
regard.

Confrontation-Based Emotions Confrontation over food,
objects and social standing are inevitable. Condtion-
based emotions evolved to help species survive smeh
counters. Confrontation-based emotions include appo-
site emotions of anger and fear, and their respgeate-
verses, relaxation and relief (Table 4).

Table 4: Confrontation-Based Emotions.

Anticipating a Posi- Anticipating a Nega-

tively Appraised tively Appraised
Event Event
Increase Anger Fear
Decreassq Relaxation Relief

Anger is defined as the anticipation of a posithabpraised
confrontation-based event. In other words, angehésan-
ticipation of joy due to a confrontation. Anger encages
the entity to fight in the anticipation that suclbaitle will
bring it joy at some point in the future. The béne&n be
keeping or gaining control over a needed resolwsgeh as
food or territory. It could also be in regard tospessing or
maintaining possession of a valued object or iatiah to
maintaining or increasing social standings. Commiw-
ever, anger results from simply defending againsti@pro-
voked attack by a weaker attacker.

Relaxation is defined as the reduction in antiégratind/or
positive appraisal of an anticipated, positivelypiagised,
confrontation-based event, and hence, it is thersev of
anger. When the entity realizes that it has misdaled the
level of anger, relaxation will set in and revertes effects
of anger. Relaxation reduces the energy expenditure-
sponse to confrontation.

Fear is defined as the anticipation of a negatieglgraised
confrontation-based event. In other words, feahésantici-
pation of sorrow due to a confrontation. Fear enagess the
entity to avoid confrontation in anticipation ttsaftch a con-
frontation will bring it sorrow at some point inetliuture.
Relief is defined as the reduction in anticipatiand/or
negative appraisal of an anticipated, negativelgraiged,
confrontation-based event, and therefore, it isréverse of
fear. The reduction in appraisal of the fear indgcevent
will trigger the emotion of relief. As a resultsaurces allo-
cated to respond to the fear inducing event aeaseld.



Conclusion

Designing emotion-capable robots presents chalketigat
designing emotion-capable software agents does Triu.
most considerable challenge is their physical cotioe
with the real world. The emotion model presentec foon-
nects the physical sensations with emotional fgsliape-
cifically to address this need. The adaptabilitguténg
from implementing this model allows robots to adjteeir
responses to survive their unpredictable envirorisnen
Several significant elements distinguish this motteim
other existing models. The first distinguishingnaémt is the
pairing of emotions as reverses of each other. Gtiwalels,
in the absence of reverse emotions, assume oncentbe
tion instigating stimulus has been removed, théyesim-
ply stops feeling the instigated emotion. It hasrbargued
here that reverse emotions are triggered in suehasos
and that they are responsible for diluting or catedy re-
versing the initial emotion triggered.

The second distinguishing element is the categioizaf
emotions based on evolutionary adaptations. Eacthef
four categories mentioned here include two oppasit®-
tions and their respective reverse emotions. Eabtien
within a category has equivalent emotions in otteego-
ries, all of which are defined similarly, differimanly in the
evolutionary adaptation that made them necessary.

The third distinguishing element of this modelhs evolu-
tionary path it suggests. All complex emotions aom-
nected to the two basic emotions of joy and sornhich
are in turn connected to the physical sensatiordezsure
and pain. Such a path not only makes evolutionanges; it
also makes designing emotion-capable robots mugikrea
To design emotion-capable robots using this matel,en-
gineer needs to define pain and pleasure for thetréain,
as with any other entity, is defined as events diogbhysical
damage to the robot. Engine overheat, electricatishand
radiation exposure are examples of events thatldoellde-
fined as pain causing events. Pleasure is defisegvants
that satisfy physical needs. Any type of resourggenish-
ment, such as battery recharge and engine oil ehaag be
defined as pleasure causing events. From this,kthsigo-
bot can build a network of events that eventuadigd to
pain and pleasure. Those events trigger sorrow japd
From anticipating sorrow and joy, the more compdexo-
tions result, as described above.

This model, once utilized, will allow robots to klitheir
emotion system based on their physical design, syemtd
function. They will be able to adapt to their eoviment, in
much the same way as we do. And most significamthgn
they experience emotions, it will be as real asaun emo-
tional experiences are.
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