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ABSTRACT
Although many mechanic and electronic problems in robotics have been solved for many
decades. but problems associated with implementation of robot emiotion in software forms are still in
the beginning phasc. The realization and implementation attract attention from researchers around the
world. In this research, inverse response problem is realized. The rationale is lic-on the fact that
opposite direction of the inverse response phenomenon of robot emotion can reach to an unwanted
behavior. This research proposes a solution for coping this challenge by using fuzzy logic and Smith

chart for designing and analyzing the system.
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®° +50° -5960 + j200(w? - 2)

Z= -z =-18+j2.8=
90’ + (2 - w?)?

¥ [ 1 o v @ e
uﬂﬂ'ilﬂ'i‘iﬂ\iﬂfl'l'ﬂﬂﬂ‘ﬂ']ﬂ']'ilﬁﬂﬂﬁllﬂ'l‘iﬂuﬂllﬂ‘l

o' +5¢° -2103=0
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Weudaumsesnuivzyn i ldn o, =3.49

o 1
N ——tag

m

1 o o [ g
a1 N, mldTasnmnduassingaguinassesninlligadaves T
ja

¥
antaeldwenuenvenanaumiisninuaze - N = -29.5° Faifu N, =29.5°

w. SmithTest e 5 iR et =18 x]

Blue ine = z

Green e = negatrve 2

0

wfromfﬂ to 120
Input order between 0-4 num order g den order 3 Submt : N
Hisl= ([ioo+ IO+ sl w0 sl 5] T NiPa §o ™
Submet {
(fo +f sH+[ sMz [ sl ¢ 1) | clear

310 2.7 A1 2 AgnunuAIdan jo ioianmanases z luszuursseil

@ o d ar
2.3.2.3 ANUAUNHEUDIDAIINIIVENE

N Z=2k O(jo )+l (2.34)
1 2, =2k,G(jw,)+ 1 (2.35)
2, =2k, G(jw,) + 1 (2.36)

k, z, =2k k, G(jw,)+ k, (2.37)

kyz, =2k k, G(jw,)+ k, (2.38)

kyz -k z,=k, - k (2.39)
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-kyz,+ k= k, -k, z, (2.40)
k oz, -k = ky(z, -1) (2.41)
ky
Zy-l=—(z; = 1) (2.42)
k,
k2
Zy = ==z - 1) (2.43)
kl
' k
-z, = —2(z, - 1)+l (2.44)
25
k
= 2z, +1)-1 (2.45)
k,
ke 3
= —2(z, +1)-1 (2.46)
kl
2.3.2.4 HANDUAUIY IV (Transient Response)
ludrneesaumssudvana
o a 1 an
Handumolouuuuila KG(s) =St lL o~ (2.47)
s(s+2¢w,)
o @ " C’):’
Wanduaio Touuinila T(s) = 2 (2.48)

2 2
s+ 20w, s+ 0,

. 3 v
NINANMIH 2.52 wzmvinagagaves [T (o) uaz M, 18 lavsziRadud

®, =o,1-2¢? (2.49)

7 S - 2.50)

28 1=27

: . a v O | ' 4
1o o, Wusauese dntum ¢ < —J:Lﬁa‘lﬁfnmmmm M, 18 uazenaumsi (2.49)
2

1AL (2.50) ANsanIm o, uaz ¢ 14

609438



dminlimdunaiiunsasuaussuumel (Step response) aalSaeumsi 2.48

-Cw il
e(:):I——“r—w——sin(m"\(l—Q‘2 +cos™' &) (2.51)

J1-¢2

¥
Yo a

MNAUMIH (2.51) aunsmbwudounsilaonldoun ¢ 1dasi

C(t)
A
¢ <1, under damp

¢ = 1, critical damp

*®

¢ > 1, over damp

' S t

UM 2.8 ARHULYD IR BT I MY YO T LU MM SUR U0
- o a o e ¥ o dy
1INz 2.8 sanTaiun I gt e mwvo sz 1Ad
® MM (Delay time), 7, AonmAHanouauRaLTl 50% voamigatie
|J " . -~ = =) a J =
® 1nalAYY (Rise time), 7, ABANHANDUAUDITULIAMLILIIN 10% §9 90%
® naiiszuuiiHanoUTUBIGIYA (Peak time), 1, ABIININHAADUTUDIVDS

~

»
szuningega ansodund@ouiluauns 18am

f, =— (2.52)

u ) _

®  MWUNUFIYA (Maximum overshoot), M, AOAHARDUAUBIFIYA AT

s ] ' = a s o s = (] [
nldmsanidausznhdunaduenivanielwaadosnmuesszuy Tavogluniau

E
voedova vhauwdoudluaums1deai
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MP=1+ex - (2.53)

)

¥
o 1 " [ . Y o
w1 A1 osa ve R uiLGIqA (Percent maximum overshoot), P.O. 1&&aaumsii

P.O. =100 exp [— ¢n ] (2.54)

® Mganga (Setting time), ¢, Wumnarfikaneuaussiannasegmoludii

o & = e - o of AL
Amua 1l Falndezdmualdi 2% 9 5% dnn@ewduaunis 188

Cw,
2.3.2.5 mavuasasmwluszuuitla
1IN T(jo)=KG(jo) (2.56)
T(ja;):%ﬁ (2.57)
-~ (1+KG(jw)~(1- KG(jw)) 5
2R (1+ KG(j@))+ (1 - KG(jw)) 2ias)
(I1+ KG(jw))=(1-KG(jw))
— 1= KG(jow)
I(je)= (I+ KG(jo)+ (1- KG(jw)) (2:59)
1- KG(jo)
(1+ KG(jw)) (1-KG(jw))
. (1-KG(jw)) (1-KG(jw))
T(jw)= 2.60
VO 5 KGG) , (1-KG(o) (260
(1-KG(jw)) (1-KG(jw))
(I + KG(jw)) 1
T(jo)= {1~ KG(@) (2.61)

(1+KG(jw) |
(1-KG(jw))
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g = 11 &GL/0) (2.62)
- KG(jw)

()

an = B ¥ = a Y — ° Vv
ABNUADYININYDITTVVUUY Nyquist [16] TAuaasdadaidooiiqaiiazsiiliszuy
hirdiosnwlas minszuudlafiegluszunnadou KG imsmdouvesnsitga —1+j0
\ A A . 2w
attieenilnsszuanshsvuudaiu Liados nw

A79019 52UV I usnw

KG(S) = —3"7
s(s+1)
Z::—2ru3Hja)3+2j(o2

20" - jo’

‘:i " d‘ (' é © kY S
AT 2.2 AYD Z NPAUNUMAW © By Tsnnanosnwluszuuila

© Z

0 Inf
0.2 0.7+0.2j
0.4 0.5+0.14j
0.6 0.4+]
0.8 0.3+0.8j
1.3 0.02+0.14j
1.5 0.13+0.19j
% 0.23+b.25j
3 0.28+0.19j
4 0.15+0.19j
5 0.11+0.04j




B 0 =leix|

Bheline = z

Green ine = negative z

& openoop

0 0 a5 1

wem 57 o 5
Input order between 04 num arder [ den arder 3 Submit
o= (Fe s+ sl e w0 s ) R

U o[ [T el T e s gy Sum des |

3UM 2.9 A1 z ignumusadae jo o nnmuaves z lusznila

¥ »
naiinisau gy 140 Aainssuuiiseliadosnm
d:’ 3/ 9/ o Y o 1 Ve a a -
nnensanhlvniun maszoenuuyszuuIiilse dniamgenSonszm
L d
= (Y] ° = 4 =

ngInmvessrvIniuansah 1 lasldadisgnsmlumsesnuuuszsuumionianuaies

A o L} T L) =1 o l:l 1 s
N Feamnsonszildedinazaaniasiwaie Taslideaiiniss noaiigsonuazsudon
] 1 : 1 =2 ad g 1 rs' 9/ [ e{ ' 9 ¢ dv Y @
dauluunae hiusgndndisihaildnndauind 1 13ud luamiinn19suduassn

o = P g/ ar o o d o 14
mansaFlunisudlynaneuauesfeunfudmiversualuoudiaznis e Tlsunsuy

' o = o
Msvimanslu sy
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ad o a a o
IBAUHHITHIVEY

3.1 upudiassosualdeounay

3.1.1 ngqugmaianmsaeuaueasiounay

Faiinaudat szuvlafauminiidygunaiafitvnanssuiudd 2
P luszvuszaunsemidiialsingnisasinsaevauesdoundn'ld [17)
wu minddgeu 2 dyapaduntuszu Taviidygamisiivnadnudiamdige dow
Sndyaamilsdivualngniwainmudidt Tunouisndyy iABvnadnudinuia

' I " 1 é o o = =Y =) ¥
FINNVEURAADTLUUADUGID IV I Fu I UABUAUDIUBISSUL DA NAANA AR ATu 18

LY o

b4
ar @

s { ] " 1= =1 " a 3 o
nasnniudyraiifivinalugndwaiinoud Weenndadwiiinadessuvauu vl

as o

= [} a o :: 1
dyruneuausswesszuuansaduiu il 1dediigndes lunsndemansiiu e1enan
ltlwr any v faf [Pt W A A o ' a
ANITUVAATUNNAINIUUAD TN 15 (zero) HIIAIDYNIIVIIVDITLIN T IdHOU §
¥ v
wazimauyeaTiiimyasmiuudaiisuanioondismanIna (pole) Hilogluszunlavd

&6 ; .. -
Hangun15a1e 18 (Transfer function) Aamuiauaasla laoauni

K (3a\f3rch l)l—l (a,s +1)
r=1

ﬁ (b, s+ 1)

Sl AU 3.1)

lavil K =oa31u0w
M = $wusls
N = swaulwanfisudluay (> me1)

a; 1Az b, = Mauavdulszans

a v a 1 <
3.1.2 dymmuiamaneuanesfounduluyusua
Aw a ' vy ¥ - P ' o A o
nnnquasildnanlideduiusesesesusivesuoud miniidya
9/ s od o Y a a da (=] [ =
wnnluszuy 2 dygraudanersszilfifangdnssumeeisualf hifalsseausuiia
L4 ] as o 1 ] = ar ' ad
nnlsngmsainisasuauedeundunieesuaivoauoud Isu@eddu wu lunsdii
o ﬂ o oo o ' ot Y da d o '

o1svai Inssiludyapamiianusniwazesudddudyapaiianug wdnigoway

U [ 3 @ 1 ' o " 1 A
Yusgduiu Tuasudunindygransnimiliusuduaaeisusilnssaeu Faause
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(9]

v
=

'3 LU ] v 9/ = = J 9 9 a o
ﬂﬂ.'ﬂﬂuﬂ‘uﬂl’lﬂgiﬂ'iJ‘IlN!ﬂﬂﬂ‘ﬂmﬁUﬁ'IU'ﬂu1ﬁﬂﬂuﬂ‘il::l'll'lilﬁﬂ'luzlﬁﬂtl‘iliﬁ:l!ﬁﬂ\!i’]'l‘iilﬂl'YI

I a

¥ o o ' [ [ ' — a
Ao lunsdifieuisasiulédanuimadnifinatu ludmusn liduiidesns iAa
= A

» "
HAZAUAITUANITAIVANS 114?\"]11?]011]1‘!1]31’]?11']0@?]E)'ﬁi'ﬂ'l‘iﬁ1ﬂﬂﬂ15ﬂﬂﬁﬁﬂﬂﬂﬁﬂuﬂﬂu1’lﬂ

o v o
DITUUHUIUA

9/ < =
3.2 MINIVAUMBATINATAIHFTN 12
¥
=N =Y L4 @ e o = =
Tinotiwusativissiwemaguuuuusumsauauuuiaduuuile (Fuzzy P1)
y as ar = o '
(18] evmunaziusesnatios nmvesszuulumsaiuguasesmedwensuaive sy
o ' a ~ (Y a . [
oud Jouandrsndnvesmsarunuuuieda ledumsarunuuuyi ledudy Ao daunih
YOIN1IAUUUBTALFA lovzTmsnugumsuiuvosdyana (Au,(T)) Bnviamsaiu
-~ w v @ ‘1- o 1 A
Auuuuiladiiladainguuesdasimsvusimuisadiuuda1dfe (K, K, K., and L) 39
PwiuaNuasasazlsednsamlumsinu Wivssvmnanuiiofousunisaiu
= :,' a &2 aw o A a1 a ﬁ A
auuuui ledududaiisnsimsvnouuuai TevluszvuiladilosziaBunaiiuaia
- ¥ t4
WA e, (n7) vozmsnlavun)asmifianaia e, (n7) Bnvianguasndnduilszdns (L) &
.:: (] Y [ ar o = J =Y o ' ar
i 32uae 33 Tilddanudniusfoasiduasuynuaziominnve sssuundiiug

augumsaadulavesszuy (u,) Sadae

v 1 A o =1 ny; a Y o P
"“flllﬁﬂﬁ'N‘\lﬂ*ﬁ5$ﬂuﬂmquaﬂuizuuw'lﬂlulllﬂﬁﬂna“.l]iﬂllﬁﬂﬂqﬂﬂﬁﬂ]313“ 3.1

:; YV ' -~ @ =1 : =
AN 3.1 VOUANA1IVBITSVUAFEN lodusz uun louuus udi

2
W lonuua Ay Wi 1o
b a i 9 Gl: i = b wor ]

AU ldmmE sE g udy aqulansszumFadunazszuy Ty
= kA
Faudu

U l; ' 'J
Aa layuga anf Al dyy

= 1 !‘3' = " ) -:; !
NAnansUaUBIgInIndesmsaaat lddu | aamsinainansuaueslaslideumiusn

-] 'J
M nan'lavu

' d. T ar -~ d 1y s -
himwsansugquszuuiliawaunlswie | awsaniuqussuuiliadaudsnde

HaFuoolou'ls Hansuorolou'ld

2 o llsr L] ar J P o I'd - v: o P '
FIHMU laveFanuMTVUAUIRUIhATInNaAs Aad 1o i lfulduniilse Tow

o U 4 o o a {
wazlinnuauysduuunaniszuuiildnsnuguiilenuududunn Tasszuunugui

ihassnmanifladi lonldhiuaunsouaasl8iegii 3.1



_LQ"“T 0227 K |

Tavil

F
+ 0 _’_ P:IZZy Au 0] uﬁ[ (HT) y(nT)
:- : Contro [ ™ K. 1 " Plant 9
—p{ ller ¥

(nT

K, | z”

31 3.1 msuquuuneEi e

AT YR INB198 11309781384 (Set point) fi0 HnT)
s
YYIUDINNN (Output) Ai y(nT)

O o

AVATYRIUANVAANDIA (Tracking error signal) H30 A1WARNAIAN AN AD
e(nl’) =r(nl)— y(nl) (3.2)

MYV AUAINg I IUOIAT (Sampling Time) fio T

3 a

F’;'Iﬁ‘iyiuquUﬂ’ﬂlJﬁﬂWmﬂ‘iﬂﬂmfﬁ!ﬂ (Average tracking error signal) o

e (nT)= (3.3)

e(nly+enl ~T)
)

&

gasnnuldsunasyesdya i mAanaIn (Rate of change of the error signal)

-~ ar =] ] = -
HID BATUITININNTUHANDIA AD

e(nT)y—e(nT -T) (3.4)

e, (nT) =

AMAUOATIMITVOUHTOINUASE K,
dygnunugumsnssivesilad v, (ir)

1ng#i 3.1 Aladn len 14 lunsaiuqumsdadulsvesszuuansaiwdou

»
o A

Auaumsnundamanslagai



Auy (nT)=K e, (nT)+ K,e,(nT)

p, (nT) ~ u,, (nT ~T)

Aty (nT) = =

e(nT)—e(nT -T)

e (nT)= T

e, (nT)= e(nT) + ;(nT -T)

Up (nTY=up (nT =T+ K Aty (nT)
A o = - A dv 9 g o as Clvéi
Falumsosnuuudinuguuuiyd Alefisztlsznen e 3 Tunoundndsiine

3.2.1 Hxsvinyu

(3.5)

(3.6)

(3.7)

(3.8)

(3.9)

o Sy o ° Y o o as Y . [
MM FRnTUIzns 2R 1A laoiinisuauea lassy (Normalization) Ny

- = ' o ' o w g N ¢ ¥
wenldgumnavinamumen muesdudsgoiug lldonanduinssagauouea laguds

¥ [ ] "
NNuIIMs RN TR o founuga)Suna Aduaaddiravo ssaulsanus 1y

Hydam Taofin1ogsznite o fa

<
3.2.1.1 mseenuuuisnyumsiluaansnvesduna

Arilsddumsiuaingnussdunarzlsznonldae fedunindumnin

1 s o ~ ‘il " a d o
voamHanaatasafumsiumnsnvosnisulasunlasveasifiawain Taodansunis

¥
WuanFnvesdunnifaaealsznoufauiladion negative, zero, positive

A
Negative Positive
1
0.5
/ ’L’v ,€ P
-L 0 -L

317 3.2 amnwduaudnduduya
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3.2.12 mseenuuuisniumsilumniavesmanasulaseninn

Negative Tl Positive
U5
p AU, (nT)
-L 0 -L

n:i. a g o
114 33 anudluamndnduemiya

o 1Y ¢ o a — d [
Amualiflansumsiuaudnvemiswdounlaueiyavesda
A Al 3 = dd'dd' ' = . . é
AwRuilaFH lo1seneudlsiladianiiigedn n = negative, p = positive, 0 Fignoon

npuiiuisFFunas

< » AU, (nT)

. - o g A A AaAa a o
37 3.4 anuilumndndnue inavesmnnuiadio 1955 HedFunof

3.2.2 AQMINIWAUN S (Fuzzy rules base)
d'q o A = 1 = =1 = o as o q’:
diommuguiladicedunanazudazdunaiinsiluandnaseiladdu dutu
= o = 4 o
veoonuuungHad (18] Tadmiaafi 3.2 densoungquanniiulyidveueminavesszuy

Tuynannz Tasngnismiunuuuisdgnadnliaeandesiuniui 3.5 uaz 3.6

Y (output)
A

P Time(s)

[ ¥
o e ° as o a
30 355 szuumareurusstu ladmsunguuudemeese



e
A
/_/\:9 > c
: .

37 3.6 szuumsaevauBILUs TG

M1319M 3.2 ngMIsAIuRu s

Ep ev | ncgative positive
Negative negative 0
positive 0 positive

91nA19190 3.2 szargaleninléng 4 dodai

(RI)IF e, is negative AND e is negative THEN AU, is negative
(R2)IF e, is negative AND ¢, is positive THEN AU/, is zero
(R3)IF e, is positive AND e, is negative THEN AU, is zero

(R4)IF e, is positive AND e, is positive THEN AU, is positive

3.2.3 anwainyy
= = o q’d Y g a N o o =
TuImninusatuilimen 9 s uniooaanssroo0 s 1w Iun s Sounlas
o @ ~ u’: (=Y v - (=Y @ '
DIMWAYBIAINIDRUHBIN A (AiRawaauazAuasunasmdanain) ssaunisaeli

4
=
U

Au(nTy= (3.10)

o o a a .:' ° " a A
mnﬁan‘uuﬂmi‘luﬂuwmmauvgnnmaqm‘lﬁ'mmsnumauwﬂmﬂeﬁ (input

space) V3@ IR LA HaFR lovoniiiu 20 vS gy
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K e, (nT)
A
RH RD RD RG
RE RB | RB RC
RA RA
-4 »K.e,(nT)
RE RA RA | RC
RB | RB
RJ RF RF RI
v

31137 Bunaanlyvesiinauguilsd

-!'4 o a o a o ar o [
wommsniwaansvesmisndsuutasemnavesainrnguiladi lo luudas
= ¥y =2 ° o v o 9 a '3 P=1 1
VI [19] 1487 339N In i IMSHIHA AW SN lan AR i wuatos nanvesssuuas 1
Qs oA [ = P s q’
TauWaaws N lavInuaazUS M T A il
o LY a qio s e‘q 9 Qs =3 d' o =
« nmuﬂﬂmuwﬂuummwmmwmm1ma°lﬂLi‘lumxmummﬂuwﬂmzmﬁmm
) ¥ A [ o o = " =
fﬂmmmm’m‘nmmaﬂwmmﬁuﬁnwnvmamazauvm
3 =1 v d- (] 9 L] =% = ]
o ldngad 4 ﬂgﬂqﬂnmamuaﬂumiﬁm1m'51.i'flufrmﬂmﬂumauvgmmsmax
Ny
9 = = o 4'1 o [ a; a ar - -1
¢ shnuaiagFilnFuieinmmmadsudasewiwnvesiaiuauiledn
= o e = 4
lolaol¥35 5 unsooaanassviooes
ad ° v ‘:; o ar =}
lagFimsdsduisin i ldgasmsmamsnlaounlaseninnvesdaniuguiled

¥
#loumianua 20 gas tdanmsuovea lasidy Mlda s nswgas sumiodiog 9 gas

De
=,

3

LIK,e,(nT )+K e, (nT )]

Aup,(nT) in region RA (3.11)
22L-K, [, (nT )|}
L[K,e,,(nT) +K e, (nT)] in region RB (.12)
202L-Kple,(nT)|]
= %[erv(n"r')+ L] in region RC (3.13)

= %[K,—ep (nT ) +L) in region RD (3.14)



1
S1Kre,(nT)~ 1]

1
= FIKie, (7)1

in region RE

in region RF

in region RH,I

in region RJ

in region RG

3.2.4 szuumsmuguiadnleuuuilatinszurumsnuuliihed adw

SpuFy sp) Fuzzy Pl

controller

u(nT)

N()

y(nT)
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(3.15)

(3.16)

(3.17)

(3.18)

(3.19)

N 38 sruumsmuquiladi Tenytlatinasyaumsuun T Faduni |

sp(nT) AiD BUNAVBITZULAIUAK
o
y(nT) AB D MWAVDITTUUAILA

A e da
e(nT) B AMAYYIUNHANA A

r(nT) Andasnsildomlasvosmduanuianain

= o ~
u(nT) A OINNAVBITE UL

NG o nszuaumsuuy lidhasady

nngii 3.8 Sildnszvaumisiignatugulasiledilodunszuumsi lududadu

[19] wazanngmanugulumsedn 3.2 Sdmuald

e(nT)=e,(nT)

u(nT)=e,(nT)

sp(nT)=u,(nT)



us(nT)=u(nT -T)

GoH
2Q2L -G yle, (nT)))

S\ (e,(nT)) = -

Sy(e5(nT)) = N(e, (nT))

s

T o -
e G, flo SasvniwveunniyavesszIUnIUAL e
G, fip Sas1vowvesmdyanuRanaIn

-~ o U

G, N0 0ATIVUILVDINOATTYY IUAANAIA

= J

30

(G, + %) xe (nT)- %el (nT -T)]

(3.20)

a g o ar - A Yad Saa a  ow
H ﬂﬂﬂ'Ill.ﬂﬂx‘lﬂ‘)'ml‘ﬁuﬂ'lﬂ‘b’ﬂﬂ’luLE]TVITSFIﬂEIQﬂ’Jﬂ'JUﬂ‘L}W“H‘HlHﬂ(I%’Jﬁﬂ"ﬁ“ﬁ“ﬁimaﬂu

f3319 3.4

|

k4 ¥ 3 = [ =
i]'lﬂ'cTiJﬂ"I‘J"U']GﬁUﬁﬂﬂﬁmﬂlﬂl‘Uﬂuﬂﬂzﬂﬂ 39

& S2 H =

5% €, U,

31 3.9 szuumsauguilydi lenunlaiinszyaumsuuy LighuFadunndi 2

1311 3.9 vz 1dm

u,(nT) = sp(nT) = e(nT) + N * (u(nT))

= e,(nT) + S, (e, (nT))

u,(nT)=u(nT —T)=u(nT) - G,AU(nT)

=e,(nT) + S,(e,(nT))

(3.21)

(3.22)
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= 3/ 5 aq 9 A A o ¥ =]
VIANQYQUNINUUDBY (Small Gain Theorem) #i 15 Tunmisnudou luivzirldszuviinoy
) » ' "
afvsmwdiniunl¥lasnmsuisiuiininiuguiladeingli 3.7 venidlu 3 dauve 14

-
aunNInNeg

GI(IG, +G,)H

”N"<I RA (3.23)
2TQ2QL-GyM,)
GHIG, +G,)H V<1 RB (3.24)
2TQ2L -G ,M,)
L
211
GG H
SulTrflyan o RC-RJ 3.25
e =
|V = vorwa =

IV Aeuasuweansyuauniai b dad
M, RVMAGIgAvBIdYIMAANIA
M, - fonmagegavesmdanimsnlaouinlasvesdanainnaa
VINTUNISA (3.23)-(3.25) awnsoiwns s G o Tvlumsaiuauiediloun
ftnszuamsuuliduFuduinmsdosnmTaonssumnsf b uduesdos

=S 3 ar = a o o i [
UAT UDTUVDIDAT VLY < QO ua:umwnmmawnmamuﬂuﬁmm‘w"la AITUNISG

2 ~
G, (B +(§’RI]) IV, <1 (3.26)

T'(2L—Gy,)

100 G, =max{G,M,,G,M,} uaz f=max{l,T}
' L . » .
MNaunITh (3.26) wuldd 0<G,, <2L Bvadaasamiteuluiiosduiieg
° 3o aa o Ay o a v bt Y o '
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Tilsunsumue ) rawan

Private Sub Commandl_Click()

Select Case Text9

Case 0

Textl.Visible = True
Command2.Visible = True
Case 1

Textl.Visible = True
Text2.Visible = Truc
Command?2.Visible = True
Case:2

Textl.Visible = True
Text2 Visible = True
Text3. Visible = True
Textd. Visible = True
Command2.Visible = True
Case 3

Textl.Visible = True
Text2.Visible = True
Text3.Visible = True
Text4.Visible = True
Text5.Visible = True
Text6.Visible = True

Command?2.Visible = True
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Case 4

Textl.Visible = True
Text2.Visible = True
Text3.Visible = True
Text4.Visible = True
Text5.Visible = True
Text6.Visible = True
Text7.Visible = True
Text8.Visible = True
Command2.Visible = True

End Select

Select Case Text18

Case 0

Text10.Visible = True
Command?2.Visible = True
Case 1

Text10.Visible = True
Text11.Visible = True
Command?2.Visible = True
Case 2

Text10.Visible = True
Textl1.Visible = True
Text12.Visible = True
Text13.Visible = True
Command?2.Visible = True
Case 3

Text10.Visible = True
Textl1.Visible = True



Text12.Visible = True
Text13.Visible = True
Text14.Visible = True
Text15.Visible = True
Command2.Visible = True
Case 4

Text10.Visible = True
Text11.Visible = True
Text12.Visible = True
Text13.Visible = True
Text14.Visible = Truc
Textl5.Visible = True
Text16.Visible = True
Text17.Visible = Truc
Command2.Visible = True

End Sclect

End Sub

Private Sub Command2 Click()

SmithChartl.Viewsize = 1100

SmithChart1.BaseClear
SmithChart1.Clinestyle = Visible
SmithChart1.Gagestyle = Visible

SmithChart1.Impstyle = Dot

SmithChart1.Rtblent = 0
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SmithChart].Rtblmaxx = 2000
SmithChart].Rtblr = 3

SmithChart1.Rtblent = 1
SmithChartl.Rtblmaxx = 2000

SmithChartl.Rtblr = 1

SmithChart1.Rtblent = 2
SmithChart1.Rtblmaxx = 2000

SmithChart1.Rtblr = 0.333333333333333

SmithChart1.Xtblent = 0
SmithChartl . Xtblmaxr = 2000
SmithChart1.Xtblx = 4
SmithChart1.Xtblent = 1
SmithChartl.Xtblmaxr = 2000

SmithChart].Xtblx = 2

SmithChart1.Xtblcnt = 2
SmithChartl.Xtblmaxr = 2000

SmithChart1.Xtblx = 1

SmithChartl.Xtblent = 3
SmithChart1.Xtblmaxr = 2000
SmithChart1.Xtblx = 0.5

SmithChart1.Xtblcnt = 4

SmithChart].Xtblmaxr = 2000
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SmithChart1.Xtblx = 0.25

SmithChart1.TextOutA 50, 0, r#, x#, "1", 50#
SmithChart1.TextOutA 0, 0, r#, x#, "0", 50#
SmithChart].TextOutA 150, 0, r#, x#, "3", 50#
SmithChartl.TextOutA 15, 0, r#, x#, "0.3", 50#

SmithChart1.TextOutA 200000, 0, r#, x#, "inf", 50#

Dim real, s1, s2 As Integer

Dim realnew, sInew, s2new, s3 As Integer

Dim realnew2, sInew2, s2new?, s3ncw, s4 As Integer
Dim w As Variant

Dim jj As Variant

Dim ans As String

a = Textl
b = Text2
cialext?
d=Text4
e = Text5
f=Text6
g="Text7
h = Text8
I =Textl0
j = Textll
k = Text12
| = Textl3
m = Text14

n = Textl5
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0 = Text16
p = Text17

ppp=0

If Option1.Value = True Then

ppp=1
End If

If ppp = 0 Then
c 0=0
c1=0
c2=0
c3=0
c4=0

w = CCur(Text19)
w_n = CCur(Text20)
w_step = CCur(Text21)

Dim coul As Integer

coul =0
wnew = w
wnl =w n

Do While wnew < wn1
coul =coul + 1
wnew = wnew + w_step

Loop

Forz=0 To coul Step 1
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w=w + CCur(w_step)

If z=0 Then
w =w - CCur(w_step)
End If

Ifk =0 And 1= 0 Then

drealfirst = 1

dsl1first =

¢ 0 =drealfirst

c_| =dslfirst

dcom_real = drealfirst

dcom_imag = dsifirst * w
dresult_real = dcom_real 2
dresult_imag = dcom_imag * 2
dresult = dresult_rcal + dresult_imag

End If

Ifk<>00rl<>0 Then
dreal =1 * k

ds1=1*1+j*k

ds2=j*1]
¢_0 =dreal
c l=dsl
c 2=ds2

dcom_real = (-ds2 * w " 2) + dreal
dcom_imag=dsl *w
dresult_real = dcom_real ~ 2

dresult_imag = dcom_imag * 2



dresult = dresult_real + dresult_imag
End If

If m <> 0 Orn<>0 Then

drealnew = dreal * m

dslnew =m * dsl + n * dreal

ds2new =m * ds2 + n * dsl

ds3 =n * ds2

¢ 0 =drealnew

c_1=dslnew

c_2 =ds2new

¢ 3=ds3

dcom_real = (-ds2new * w # 2) + drealnew
dcom_imag = (-ds3 * w * 3) + (dslnew * w)
dresult_real = dcom_real # 2

dresult_imag = dcom_imag * 2

dresult = dresult real + dresult imag

End If

[fo<>00rp<>0Then

drealnew2 = drealnew * o

dslnew2 = o * dslnew + p * drcalnew
ds2new2 =0 * dsZnew + p * dslnew
ds3new = o0 * ds3 + p * ds2new

ds4 =p *ds3

¢_0 = drealnew2

c_1 =dslnew2

c_2 =ds2Znew2

¢_3 =ds3new

tn



c 4=ds4

dcom_real = (-ds2new2 * w * 2) + (ds4 * w * 4) + drealnew?2
dcom_imag = (-ds3new * w ~ 3) + (dsInew?2 * w)
dresult_real = dcom_real » 2

dresult_imag = dcom_imag * 2

dresult = dresult_real + dresult imag

End If

u0=0
ul=0
uz2=0
u3=0
u4=0

If¢=0And d=0 Then
rcalfirst = a

slfirst=b

u_ 0 = realfirst

u I =slfirst

End If

Ifc<>00rd<>0Then
real =a * ¢

sl=a*d+b*c

s2=b*d
u_0 = real
u 1=sl
u2=s2

End If

n
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Ife < 0 Or f<>0 Then
realnew = real * ¢
slnew =e * s1 + f * real
s2new =e *s2 + f * 5]
s3=f*s2

u_0 = realnew

u 1 =slnew

u_2 =s2new

u 3=s3

End If

If g<>0O0rh<>0Then
realnew2 = realnew * g

slnew2 = g * slnew + h * realnew
s2new2 = g * s2new + h * slnew
s3new = g * s3 + h * s2new

s4 =h*s3

u_0 = realnew?2

u 1 =slnew2

u_2 =s2new?2

u_ 3 =s3new

u 4=s4

End If

plussO=c 0+u 0

plussl =¢ 1+u 1

pluss2=¢ 2+u 2

pluss3=c 3+u 3

pluss4d =c 4 +u 4
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realplus = pluss4 * w ~ 4 - pluss2 * w * 2 + pluss0

imagplus = -pluss3 * w3 4 plussl * w

minussO=c 0 +u 0
minussl =c¢ 1+ u 1
minuss2=¢ 2 +u 2
minuss3=c 3 +u 3

minuss4d =c 4 + u 4

realminus = minuss4 * w” 4 - minuss2 * w ~ 2 - minuss0

imagminus = -minuss3 * w * 3 + minuss| * w

dividedownreal = realminus # 2 + imagminus ~ 2

divideupreal = realplus * realminus + imagplus * imagminus

divideupimag = realplus * -imagminus + imagplus * realminus

smith real = divideupreal / dividedownreal

smith_img = divideupimag / dividedownreal

If smith_real >= 0 Then

r# = smith_real * 50

x# = smith_imag * 50
If z= 0 Then
SmithChart1.PosSet r#, x#, 2, RGB(0, 255, 0), 50%
SmithChart]. TextOutA r#, x#, 0#, 0%, "w=" & w. 50#

End If

SmithChart1.MoveTo r#, x#, RGB(0, 0, 255), Solid



SmithChart1.TextOutA r#, x#, 0%, O#, "w=" & w, 50#
End If
If smith real <0 Then
r# = -smith_real * 50
x# = -smith_imag * 50
If z=0 Then
SmithChart1.PosSet r#, x#, 2, RGB(0, 255, 0), 50#
SmithChart]1.TextOutA r#, x#, 0%, 0%, "w=" & w, S0#
End If
SmithChartl.MoveTo r#, x#, RGB(0, 255, 0), Solid
SmithChartl.TextOutA r#, x#, 0#, 0#, "w=" & w, 50#
End If '
Nextz

End If

If ppp = 1 Then
c 0=0
cli¥ 0
c2=0
c 3=0
c4=0

w = CCur(Text19)

w_n = CCur(Text20)
w_step = CCur(Text21)
Dim cou As Integer
cou=0

wnew = w

wnl =w n

wh

(]



Do While wnew < wnl
cou =cou + |
wnew = wnew + w_step

Loop

For z=0 To cou Step 1

w =w + CCur(w_step)

If z= 0 Then

w=w - CCur(w_step)

End If

Ifk=0And1=0 Then

drealfirst = |

ds1first = j

c¢_0 = drealfirst

¢ 1 =dslfirst

ans = dslfirst & "s+" & drealfirst

Text18 = ans

dcom_real = drealfirst

dcom_imag = dsifirst * w

dresult_real = dcom_real " 2
dresult_imag = dcom_imag * 2
dresult = dresult_real + dresult_imag

End If

Ifk<>00rl<>0 Then
dreal =1 *k



dsl=T*]+j*k

ds2=j*]
c_0=dreal
c_1=dsl
c 2=ds2

ans = ds2 & "s"2+" & ds1 & "s+" & dreal

dcom_real = (-ds2 * w * 2) + dreal

dcom_imag = dsl * w

dresult_real = dcom_real » 2
dresult_imag =dcom imag* 2

dresult = dresult_real + dresult imag

End If

Ifm<>00rn<>0Then
drealnew = dreal * m
dslnew =m * dsl +n * dreal
ds2new =m * ds2 + n * dsl
ds3 =n *ds2

¢_0 = drealnew

¢ 1 =dslnew

c_2 =ds2new

c 3=ds3

dcom_real = (-ds2new * w ~ 2) + drealnew

dcom_imag = (-ds3 * w * 3) + (dslnew * w)



dresult_real = dcom rcal » 2
dresult_imag = dcom imag * 2

dresult = dresult_real + dresult_imag

End If

Ifo<>00rp<>0 Then

drealnew2 = drealnew * o

dslnew2 = o * dslnew +p * drealnew
ds2new2 = o * ds2new + p * dslnew
ds3new =0 * ds3 + p * ds2new

ds4 =p * ds3

¢ 0 = drcalnew?2

c_l =dslnew2

¢ 2 ="ds2new2

c_3 =ds3new

c 4=ds4

dcom_rcal = (-ds2new2 * w 2) + (ds4 * w  4) + drealnew?

dcom_imag =(-ds3ncw * w ~ 3) + (dslnew2 * w)

dresult_real = dcom_real 2
dresult_imag = dcom_imag # 2

dresult = dresult_real + dresult_imag

End If
Ifc=0Andd=0 Then

realfirst =2 * 3



slfirst=2*b
End If
Ifc<>00rd<>0Then

real=2*a*¢
sl=2*%(a*d+b*c)
s2=2%*(b*d)

End If

Ife < 0Or f<> 0 Then
realnew = real * ¢

slnew =e * sl + f * real
s2new =¢ * s * 51
si=f*gp

End If

If g<>0Orh <> 0 Then
realnew2 = realnew * g
slnew2 = g * slnew + h * realnew
s2new2 =g * s2new + h * slnew
s3new =g * s34+ h * s2new
s4=h *s3

End If
Ifc=0And d =0 Then
p_real = realfirst + ¢ 0
p_sl = slfirst + cN|
p.s2=c 2

p.s3=c 3

p.sd=c 4

End If

If c<>00rd <> 0 Then

p_real =real + ¢ 0



psl=sl+c 1
ps2=s2+¢ 2
ps3=c3

ps4=c 4

End If

Ife <>00r f<>0 Then
p_real = realnew + ¢ 0
p_sl =slnew +c¢ 1

p_s2 =s2new +c 2

p.s3=s3+c¢ 3
p.sd=c 4
End If

If g <>0Orh<>0 Then
p_real = realnew2 + ¢ 0
p_sl =slnew2 +¢ 1

p 82 =s2ricwdgeid
p_$3 £53new + ¢ 13
p.s4=sd4+c 4

End If

com_real =(-p_s2 *w"2)+ (p s4 * w”4) + p real

com_imag = (-p_s3 * w”3) + (p sl * w)

result_real = (com real * dcom real) + (com imag * dcom imag)
result_imag = (com_real * -dcom’ imag) + (com_imag * decom real)
smith_real = result_real / dresult

smith_imag = result_imag / dresult

If smith_real >= 0 Then
r# = smith_real * 50
x# = smith_imag * 50

If z=0 Then

60



SmithChart1.PosSet r#, x#, 2, RGB(0, 255, 0), 50#
SmithChart].TextOutA r#, x#, 0#, 0#, "w=" & w, 50#
End If
SmithChartl.MoveTo r#, x#, RGB(0, 0, 255), Solid
SmithChart]. TextOutA r#, x#, O#, 0#, "w=" & w, 50#

End If

If smith real <0 Then

r# = -smith_real * 50

x# = -smith_imag * 50
If z=0 Then
SmithChartl.PosSet r#, x#, 2, RGB(0, 255, 0), 50%
SmithChart1. TextOutA r#, x#, O#, O#, "w=" & w, 50#
End If

SmithChartl.MoveTo r#, x#, RGB(0, 255, 0), Solid

SmithChart 1. TextOutA r#, x#, 0%, 0%, "w=" & w, 50#

End If

Next z

End If

End Sub

Private Sub Command3 Click()

SmithChartl.Clear

End Sub
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A Fuzzy Logic Approach for Shaping Inverse Response of
Robot’s Emotion
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1 Introduction

Research in psychology has been guided us what emotion is. As done by Feldman (2003), emotion is
defined as feelings that generally have both physiological and cognitive elements and that influence
behavior. Even though we have a guideline borrowed from psychology, but it is still not easy to implement
emotion and integrate it into a robot. A crucial foundation along with deep understanding to bridge the gap
between a robot and real life is still opened-questions.

To contribute in this area, this paper aims to illustrate a solution for shaping inverse response of robot’s
emotion. In this paper, four assumptions need to be declared as follows:

* Robot’s emotion is designed and implemented by assigning a certain value of threshold or a set-point.
For example, a level of voltage signal at 2 V or below in an emotional circuitry could be expressed as a
sad level, whereas, the signal at 12 V and above could be assigned for Joyful status. Figure 1 illustrates
classification of emotion that can be categorized by level of voltage signals.

* Inverse response is a response that establishes the initial direction of an emotional response opposite to
the final one. This could lead to confuse behaviors when this phenomenon occurs.

® Each level of emotional behavior in Assumption 1 can be implemented in the form and used the pattern
of CNN implemented in the form of circuits (Arena 2002).

®  Assume that a linearized model of the system in the above assumption exists.

In order to shape the inverse response described in Section 2 into the desire target emotion, we employ a
fuzzy comtrol paradigm presented in Section 3 Computer simulations for illustration of the conceptual
system are given in Section 4 and Section § provides concluding remarks.
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Figure 1. Robot’s emotions can be categorized by imitating those of human (Fischer 1990).

2 Inverse Response Behaviors

m
K(=aps+ D[] (a,;s +1)
% Y% )% . i=1 (1
[T (bis +1)
= i=1
where K is a gain with m poles, n regular-negative zeros (with n>m+1), and g; and b, are coefficients,
Analogically robot’s emotion causing by two signaling modes may cause the same effects on undesired
behavior in the initial phase shown an inverse response process. For example, in the case of the anger mode
as the faster signaling and the Jjoy mode as the slower onc are mingled, the anger emotion leads to the
corresponding behavior which can be harmful to the other near-by robots at the time before transition to the
desired behavior. The unexpected results resulting from the initial and unwanted emotional status should be
eliminated in this case. Next section provides a solution on how to shape the inverse response problem using
method of fuzzy logic control.
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3 Fuzzy Logic Controller

In this paper, we adopt a fuzzy proportional-integral (PI) control scheme developed and guaranteed stability
(G. Chen and H. Ying 1997) for controlling emotional circuitry of the robot. For more detail on analysis and
derivation of this controller, the reader is referred to G. Chen and H. Ying (1997). Notations used in Figure 2
are defined as follows:

*  tracking reference or set point; r(nT),
output; y(nT),
tracking error signal (position);
enT)=r(nT)-y(nT), )
e sampling time; T,
average tracking error signal;
e, (nT)=e(nT), (3)
® rate of change of the error signal (velocity);
e(nl')y—e(nT -T)

e, (nT) = T ’ 4)
(nT}+ € (nT)
’ Do e g _L
- Fuzzy + uy(nl) y(nT')
Z‘I G: I :Ig > Kuﬂ' i Hat —T-’
e (nT")
» » K 2
T [

Figure 2. A Fuzzy PI Controller,

The key difference between the fuzzy Pl controller and the conventional digital PL controller is that an
extra fuzzy controller is in the forward path of the control incremental signal Aup(nT). Sets of the adjustable
gains {Kp, K;, K pp, and L) for fuzzy PI improve the capabilities and performance compared with the fixed
gains conventional digital PI controllers. The membership parameter, L is shown in Figure 3 and Figure 4.
Note that the membership parameter L is not only associated with the input-output membership function, but
also it has been selected as a control action shown in F igure 3. Interested reader should refer to the
aforementioned literatures for detailed derivation of the standard procedure for fuzzy PD/PI controller which
consists of three steps:

e fuzzification
e fuzzy logic rule base
e defuzzification.

From Figures 2, a fuzzy PI control action upy, can be written mathematically as
upy (nT):u,,,(n]"—T)+Ku,,,AuH(nT) (5)

In equation (5) K,p; is a fuzzy control gain to be determined later by the designer. Control incremental
signal Aup(nT) has totally nine formula based on control decision over the input combination region on the
error-phase plane shown in Figure 5. In Figure 5 the reader should imagine himself that membership
functions of Figure 3 are aligned in the third dimension protruded out of the paper. '
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Figure 3. The input membership functions for the fuzzy logic control part,

Output zero
Output negative 4 Output positive
At
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Figure 4. The output membership functions for the fuzzy logic control part.
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Iy _”/"‘
.
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A RBCRE Sy 4
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Figure 5. Decomposed regions of the input-combination values for fuzzy PI controller.

Note that incremental control input corresponding through all regions on the error-phase plan for fuzzy
PI control can be described as:
L{Ke,(nT)+ K e, (n)]

Aup, (nT) in region RA
- 2L~ Kple,(nT)|)

| L[K,e‘,, (nT)+K e, (nT)] in region RB
22L-K, |, (nT i

= SWKe, (nT) 1] in region RC

- Zl[erv("T) —1] in region RD

= e, (nT) +1] it fegion RE

- %IKPEV(HTH- L] in region RF

= 0 in region RG,J

= -L in region RH

= +L in region R1
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We then use the controller briefly reviewed in this section to control setting signal as the emotional set
point in the next section.

4  Simulation Results

To illustrate an effectiveness of using the fuzzy logic controller described in Section 3 for an inverse
response behavior described in Section 2. Here we emulate the situation that the emotion of the robot is

CNN in the form of an analog circuit. Inputs of this circuit can be current signals (Arena 2002). The transfer
function can be identified by using method of mathematical identification or set of equations using law of
physics. Here we use the nominal inverse response model described by a second order system where K=1,
ap=3, b;=2, b,=5. The control parameters are K,= /, K;=2, K, = 1.1 and L = 450. Figure 6 shows unit step
response of the nominal system. It is easy to see that the system has the inverse response property.

In case of modeling error, model parameter is equal to the nominal plant parameter. The output of 10

, Step Response
L S - —me——m ool --——--_—--~~»-f~————-——j—~_»;k ____,L;.____L_
| ¥ / : ] 2
i /] : : i
/ Positive Emotion Response |

J= A

Negative Emotion hespons}.e ‘
) B AFAANAANACARS G _41F > b 4B J

(RN SRR i S ITRINTH 100 [T (RN e

e (sec)

Figure 6. The unit step response of the nominal system.

Level of Emotion

Time (sec)

Figure 7. A case of no modeling error.
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Three cases of modeling error are investigated:

actual RHP zero is increased by 200% (ay is changed from 3 to 9)

2. actual system pole is decreased by 80% (b, is changed from 5 to 1)

3. actual RHP zero is increased by 100% (a, is changed from 3 to 6) and system pole is decreased by 60%
(b, is changed from 5 to 2). According to Figure 8, the control scheme shows robust property even when
the system parameters have been changed in various condition. As we can see that the tracking result
has no overshoot and can eliminate the inverse response effect completely. Note that in case 2 and 3, we

got the same response, this is because increasing value of a zero and decreasing value of a pole has an
appropriate amount of cancellation effects.

—

- R R
=) : H H
= ) : |
el -] SR (1 g e w R O Y N, . T —
I=] : ; :
@ Casges (b) pnd (c)
@ S e -

Figure 8. Three cases of madeling error for case (a), (b), and (c) correspond 1o the system parameter variation.

5 Concluding Remarks

In this paper, we focus on demonstration of emotional realization in robotic system. We first assume that
emotion can be realized by using a CNN in the form of an analog circuit to generate levels of voltages
corresponding to various emotions for the robot. In case of the system performs an inverse response
phenomenon, a fuzzy logic used here which is fuzzy Pl control scheme can be employed to cope with the
encountered situation. Computer simulation has demonstrated how we realize emotion tracking while
eliminating undesired inverse responds. Satisfactory results are achieved based on this control scheme with
robustness. Implementation and further investigation are encouraged and needed to be carried out for future
research.™
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