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MsmMisswdzd?2 HJWBtedzOYydd, fsdzizyg dede" = tsHd
o toj d3J dzdzts § Mse dzOMmMse Odzd j ) , Uzjsdzdis GC g OL(
COBB OB HA&zY tSHddr d Isin i Mhistsw d
Mse zOMtso Odaf § Y dzOW MistcOIlsj cdWw Mstf sfls C
d. sBtc Oy 4 ded 2 f t5¢ OL26) dzCf tefO < tdsdisimiz dal j§f etsyJ M
dLtsBteOY jdzd?2 dzjtsBrtsHEEREO SHitfpy sedPIHY d .H ¢
SBKGOL YO o' Lo OO d&OctekzL ¢ O], sCOLT 90
fjtemMtf jSCIsdeo dzOY HjWBtedzOydw or Lo 00dz0 dzO |
e dzOr tBLtKO COdj ter .
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Images by camera 1 Images by camera 2
‘ ) '
T Perspective-
» deformation
I - 5
£ Stereo-
'5 matching
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n Specimen- | Temporal- Temporal- | Specimen-
Cam. 1 Cam. 2 deformation | matching matching |deformation
% Stereo-
3 matching
g S —_—
v = Perspective-
S deformation
Bl B
Dan:

{ (MEHBEe scOlsj e ¥ M &l Oolsj e Ed dsj
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s O¢C fjlsjotc B,L tofptled gOMso Odzdj] dL s8BtOY J ©
ftesB dzj Bs2 HdoW MdMsjdk 3D DI C, §sMs s
dms Oy J ded J fdtemyfjSlsder fedotsHdls <
MtssllsMmise ¥ h d A s5C sdd faej dedgls @o driad. dfj Is s
ftesj Cydd, Cosbtster 2 Sl JdMdlzjls L Isd
Mce zOMtse Oded W M i Cdmistckzs ydJ 2 ) f tc
OO dtse d Yydets ds zOMstes2 S | 84 b yk Of bty ©0ff Ht
dMf sdz' L 5o Odzd dBBj $BH™ OB & Qdzdzj dzed3j Is SH
Licjdedv, o Cwlstster n MsftsmksOsdj ddj tOL
RMfsdzr L v Odze e Qs s dz@ ¢ W zts dz@ stetej dBY, yd d
158 , Mo OHjdzdWw sy dets dzj 6 S8 f Jjtej HOo O
StcOIsC s s toj d3j dzdzr = MdMmisj d3 3D DIJ.C BT

sO¢C Ibtsdz ¢ts BEHjIs HtsMisdedzzlsts {f sdzdzts
sftcj Hj dzjSaEftc H[DZzOIls dz¥ Bts?2 IstsySd or Bsstel
HjWBstedz3Oydd By dzts dmf sdz L 59 Ols! '3y Is ts
d fiyfdz! L 2§ &3ssdsz o , st e ts L e ddsfedd d , Ylbsts
ftcjHO OQtcdIlsj dz' dats tsfig dz Pidzpideddstese Ofdzs s M IsAD tc OL
DC ststcH JdzZOIsOdRBd HJWistcdzdtetso Odzadzs?2 IssyS$ d
st dMOded j stcd Odze 2 dzv yd d, ts fi) dzts 9 O dzdzizig C
slso jtemMisdjdg, O IOCY] HftosyjHEZttO C OdzdB tot

[sHg SO®jter M Istsyj Yds'ldy Stslsfeo] tdehylridg’ de
sB" Yydzes Msmissdls dL Gtz fr dzd dzL  H dzw M
[HBEZOSCB Hdzvw ftosMmisslsr 1 WWjClsde dgm¥ tB o
ssyj ydesets tslso jtemisdw M Stk j dhoOoydj 2 df
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camera coordinate
(X..Y..Z)

digital image
coordinate (x,v)

X, world coordinate
N image-plane (X.Y.Z)
coordinate (x,,),)

{ dMzH2sif sHjd' ¢ OgJ 'lsdn tshslayd judds
d Mmdmlsj 30@3d ¢ sBHJdOIs

vyists COMOjlsi®d, totf Qiniptelsw &0 sEESE Fr d
sBteOL YO d o B X)), CrsastcH § tz®tsh d dzOIls O

ftc] SBtOL 59 OdzO 9o EX5,%®i&H) dydzd Isstiss? Pgj 8B tc OL |
s jHEBEE Isj dzO,

X

ex.a  exa
| |
Y. U=RIY G+T (117)
I 1 Izi
I cy =y

GHRI BOtcdy®d fogtteslsO 3 dzO 3
TiojClstste f jtoge@®j bt j dzdWw 3

sBYMO dzORsHWhOwimw Isjfjte! o fdMmlsjc
Bsy jls Bris: Mftetsj ydtetso Odz® dz0 IstsySkz m ¢
ohdo ) fodsh i85 ftesjClsdodsets o] SBteOL 59

?XI (ideal)p ef O O@X 0

| |

1 yl (ideal)’[\:l i Z eo f O (118)
Ill ;’/ 80 0 lgl Zc y

GHfJWW j CIlsd o dats jtc Gftpf§lizthydatzgj , B
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[ By dets odHjIs! Yylsts Jdda¥ sted3Oyqy, = ezt
fslsjtevdz® sz fsjSlkdodscets fioj sBOL
JHj Odz dz20 fted ®lMmkksmMsodd dMSCOYjdd2
dzj ¢ ls dfpfvtsdd dzflagetstsdatsfyls! C s tsdzj dzls s o
ftcdotsHwWIs € tw©wOHJdOM d@ &3 d IsOdsd j deythb® oz’ d
16§ . r dzvw Mmtsotej o3 dzdzr = BB jJ SIsdotse H v
HsflsObsydets Istsdz €5 f jtcotsets MzPODSBEAE .
CtststcH d dzOIs T LOR 9o Oy dedesets dLsBLOY j ded W
ftodo J HIOHZEL0,858

Xl(dist) = ll+ k(xlz(ideal) + y|2(ideal))JXI (ideal) ?
2 2 (1.19)
yl(dist) = |_1+ k(x| (ideal) + Y (ideal))Jyl (ideal) *

GHKj St WWdydjdass dmMSC Oy jdedy BI jSIsdo O
(X s Vi)~ S BBtHJ HQLS® te Oy § ded W f smdzj
dmS Oy jddw tsBI jGCIsdo 0.

1 smetsdzr S ydWtesoe s dL sBtOY j dzd | i tc
OB tste HdCMjdzj?2 (dqdzd  dzj Bj delstse dL tsB G
o jtorndzgj &3 dzj o tsd3 kG dzlz, m tstisjy iPls OP 104y BIAOO » g)
ydqh csotswtisOffjdzdw Mdzj HikzE W dd3 BBOL 53

Aex,l:'] é'/ Sx O Cx @XI (dist) 9
Tyh=€g Ul T
1yu=g S Gy YiwsU (1.20)
1y €0 0 1p1 |

GH$ d S-wdLduiméd2 ©OL & §dXmfuz
Meslse j Isfigdzd § dzdzly j dz' ;
cdC-tftej HMIsSOoa dzv e Is  tsdztsy J dzdfigli ddsdr@m o
o jtndzj 65 dZjosEt kGO, §dCfjd .
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LicOo dzjldaJ-@A.20( HBMISOItsyYydzts HdzW BlstsB tc Oy
Bdteso ' 7 CotsteHddzOlsOR o bisySk o (st
I sd L v f Otc QR fls3es,,C . C B Brjtear j HoO
dL o jMmisdo dzjd QffQtc O3 Ister fsmMCsd Ck tsdzq
EyOmlsokels o Wtttdzdteso Odedd dL sBtOY j ded W
f OO stetsa dzOL " 9 O8 Isfqpw o dzgzIstej dazdzed dizd ff Ot

SBEHO SCtiWWdydy dzis B djfigCls@bpfotad o deJNzd d
ftojdzjBtojydds d&Odz, SlstsBtcOy Ydad j IssmS o
dLsBtOY jddvY MisOdztse  Is .17pgH2Mj,2 dis @F d 0§ tetOE
Bselzls Brils! Bl jHddzj dz@ © 9 dH],

m=K|RT|M (1.22)

GHJ
m=/{xy1}' (1.22)
M ={X,Y,z1}" (1.23)

ef/l's 0 <cao
K=g 0 fls cyg (1.24)
g 0 0 1y

eR, R, R, Tg
RT]=gR. R. Ry Ty (1.25)
R, R, R, Ty
GHlj-wWodzw jIsfiw ftesdL otsd dzs2 &BOMh IsOB d &

SOdzdBtcso C O s O EsOIE® oyl MM it
odzzlstcj dzdzd = d o dzj W tizd ®) Iz lff QcOHF] Isdeis 4.21). Iz tc
vyissB"™ MHJ dzOIs+ L Ists, dzisBatsHdBs dMhi sdz
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ftcj Ho OtedIsj dz! dz'-§ SRtEEOPHMAISO= . 3 0 tOdzdzj 2
dmMmdzj Hise Ola js@ deff i tdsdD f ¥ Istsydats?2 s tc O dzfndzw
gL sBteOY § ded W d ttyjddeOdkd {OtktOdjIstr ¢
mMetslse jlsMmisokzs hdj L OHOddz &3 d dL d3j 109 dzdz
110 . 1 fssmdzjHdejj otc] 3v dBdesed] Oolstster
sgdets dL o jMisde d3 twWOL 3 tetsd3, tcOMY sdztsy j dac
f sdzv sBLStcO ¢ Od3j to, d BftejHjd&vdd §
SBtcOLsd3 Mtsslse jlsMlsekze hd] Mftetsj ydtotseo Odz
i Is B4 154 . Clstsls d3j stsH By J dz  dzde 7 jteldnfipnd
dZd CO0¢drs WdLrdyimSde dL d3j tej ded 2, O dzOMis
fste, fBC0O0 COBHEIs BdsB? Iz v dz@BdzOMIs! dz2O0 s

10 fjtcotsdy 1 IsOf J ftesyj MMO C Odzd B tetse
SIsH J dzv dzts. [ dJtetseo OW MdMmisj] 3O ¢ D Is
h OR BOBEEBIJ, COC f cCl2h Odzs dzO tod Mz dzC J

Calibration board

t dMzH2BIs Odzd B teso 5 YdzOW h Of BZOIs dzZOW H 51
(ststeH ddzOls S Od3j ter

vO0Cddy tsBELBistedgd dzQIs 's9 9 figjCd ddz ¢ ddzlz dz¥ C
(12) sy des EZftetsMmisdls! HTEB
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1
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Y
1

— _>m:
X
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H

=K[R R T] (1.26)

—

— ——)
<o C -
— ——)
<, o/o

1

¢HR={R,R.R} rRifosHuY dL §odsyjd]?2 k¢ds
gL sBteOY j dzd W 7, BOtcflyBtsy s B8O j dod By J
dMfcd LsoOddj B Stdljtedy &GOS MddOd dsd
shde¢d b6 <Cd |

H= argming g“m(q'r’ - rT1(q'”HH2 (1.27)

puipet
GHP' - CotsteHd dzOISO yYdW tetse 5d,i5 t5A dz® sty jj-

2O L ORoOyj dedetsals dL 5B Oy § dad

M- CtsstcH  dZOIO yYydWietsoatsets dLBBOY
dz0¢ Odzd B to s 9 15 Y dats 2 HisME j Y etsj y dtekts{gj O dzi
fsigsh ! 8 EZdRY;dzj dzd W (

N-Ctsdzd uyj Mlsets ;L sBteOY j dad 2

N-Ctsdzd yj mMsets o" BteOdzdzr = kG dzise .

1 Olsjd&3 i3y des d MY sldzh dzs o @My OB tcd il -
o dzd M dzd n f Oy ste®led [ty desydz | f Otc O
Cst WWdydJ dzls sdf3 HdMlststemdd sBi jCIsde O
dmMf sdz! L soOdzedj &3 Odze stcd s d@yd. dzOdmMEtstej 2 h J ¢

1 O olsstetsds 1 sOf § Ho O SISH J dz' dz" n
Slsdzsmwh dafmw € BHds?2 dd k2 i CO0dzdBtf
Hdzw B M j yd dedvw Mse dzOMmtseo O deYzf fijls d Is j fl jd4
sftcjHjdzws lsiw ¢co¢ slsdesmdIsj dz' dats | fJts
dsdesmdlsj dz' dz" 2 fwseotstesls (. j. Lr) €O

sted Odze Z dzy @ dze Z itz Usdsy 5B tc Ols dzOW L OH (
ftotsj ydtctso Oded W, dztisHf jJdg'r vo O§ Qg 67 1.21) . & tclOte d
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Emdzse d d, Yylss (1) COd3) ter BN dzd IsC Odzd B
BAdsf KA o dzj " dzd § R todjilsdzr , d ylsts (i)
LBBLOY jdd" m bkfsOdssdjds N dhfsd
dLBBGOY | dzd 2, MsfswySiG e ilsjiC 4 toj H j dzj dzO W

REL O h Iz d3® tsts3cl d deO Isy d, iy dzj dzdz" § Bj stsH s
stedOdzc b dzv yq o, &sckls ddjls! &jlseduj Sk
Mo jH] O ¢ dddddzdiz M § sdshs dzj dzd dzj -
Bddzd 3dL Oydd WsstedzdzdlzjIsimfw o Bh j2 Wt

M = argmin(”m(l) A (M), M - A (M )H<2)) (1.28)
¢ HMi 3DC & a0 s O, &fstseshtzr d B dzO2 Is d |
My- CSteH qEaElsf® ds0 dL sBtOY jddd M €O
My- CSGtEHddZOKO s Eds®ydsls oo g 26 6
COo®jtor 2
Ao O, fjHMsOodvsh 2 dfsj jizt
bt Oo dzl IRE(120))

bz stedlsd [fjOGUaBAUEIOO0 B Yydes d MY tsdz
1 Ists? L OH Oyd dzj dzd dzd 2 dzts 2 sflsdddL Oydd
ftoj H Sdzsy j ded W dmf sdz L 2 j sfw stej o dBj ted
dzd dzj Asdps[20 dzG Iz dA» w e g &) .2pd v (

1 tod Bj dzj dzd £. 3B-DOSEKO DI C d&j jIs yj dz
ftod o) dzgj dzd 2, oGzt yoOw kjMmsdese Odedj &OIs,
fsotejyHjdd2 d Is.H. [&O, ft Mklsd, &
DI C. [ 60d YHetE d3j[dzdjdidfts Hiy oHd2y  dgf L o34 64 ded W |
sBtOL YO f Itejh ddzORBd §ted dzOctelzy j&#d d
ftod ) degd dzd fMots?2 &jlstsH ¢ SBEOBBESC]
HjWtstedgsOydw wodw jlsfyw Btsd hs2 d o6k dz
dL &3 ted dzd H § WesifdsQ yldsdats &€ts Yy d dzd dzH 6 O,
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odzizlstcj dzded d3 H Oo9 dzj dzd § d3. ¢ dzO dAd@ d fdg'diz] ® Hs
HyWstedsOyd s mMesmMzuH O dL o Bz dzd MiIstsE 5
ZzOL " 9 Oj g dgd W tc t€ asticXc | figlfv jySddf .

10 fmdzj HedapjOH ¥ PRY Is dzj s3] Isgeas'c d 3D DI
Codizd3j eyd OdzdL qtetso Odzr . gdMmlsj o3 My smMsB dz
dhfsdz? LsoOdzdj &3 dZd IssHO C B! 6 Isj tedetsG s
gzt s EHtB d § Hdzw ftsdz L soaOIsj dzv ddzlsyd
mdmlsd d3 sMdzON j dz" b " kY MeCOsiEts fy 18 dgv &3 H
dL d3j toj dzd 2 . 1 Od B tsdzp fp H S Czolgifv tc dgts dADIsts s ™ |
Correlated Solutions | Mg W ts{cligO y dod o dzfs «
ARAMIS [86] sls GOM GmbH (fp L OWodzj dadats? s
0, 01 %)400d/5 Q tsls Banheeeyer GmbH (M L OW:
HyWiBsted3Oydd HtsmMB! O 1fpdi3d" Isdedlzsis 0, 01 d

v sydsts s dB3J IstsH 59 3D D1 C-tc Oy Qiftslsiie
Mstslse jIsfMmise jdedats, M twOL dz@ 3 L dzOyj ded v oz
ftetseo j oW dzd Motsd  d3j tcHH st i (pdgfs tade® »
so jicHisSGts tSBtOL YO o { dzt6R) B Pk d49d eaHdejz G
fesesHddd fwsmis'j 1 EMfjeddjddsr ¢85 d
MeOo dzd o Odzd Mmetsd dL d3jtej ded™ M 199 tstafjdedd 1
sty yde” i3d dqL1iEj16G ded wdg e dzp Mdets Is § @ &OYd, v dzn
f4ted Binjddv o fdsheshmisd Jdd* 0, MG i% dfd
MisOdzH Otclsdzs o3 SIS dztsdzj dedd 2, 91 % (Hdzw ff §t
fdted &3sd " jdedw odej YzsmSsimisd dd3j ¢-B79%te] +
ftcd MISOdzH Otelsdzsdz SIsC dztsdzgj dzdd 2, 91 %. 4,
3d3) . d d dzdz] toG tc jl4] dMtussjfhd@edf t MisOdzH Otel
dej Btsdz' " dm MM jdd?2 (dBBjddd 0,50 o&d3) o
o fdatsmitsmisd d 0, 06 stpd 9 fdzj &z dasdg€ shERJdEY ts
ftotso jdzd Isjfmls dzO § jtej Bjh jdedd o f dztsmC s
HES 50 d&3dz) d Mt ddzd t5iB 0 "0d2B QRS firfrn) delgwh. |
[84] LOVWeaddzd 8 bydesmlsd o 0,01 ¢§d&mid
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Wsttd MsMisQo dzw 2@ 1 yOfls! d&zO® 50000A55tOL
Messeh ddzd  boydksflksd §seWHCO 0, 1 &S
e OMmMlstsw dzef P g B O) BIO ) 0.

1 5 MieOodej dede M d3d Is ts Hofsdds j4 tal? ] j Stdsatis) disdiaa.

[129 , Clster 2 @ wesdwd sy devtdatzr &5 o o
sjMmisdttse Odzed d , 3D DIC B’ ydts ©B&OF
ykoflsodlsj dz detsfls' ¥ dLdjtejded2. Clts BT

MtcOo dzj dzd J A3, fJtetse J Hj dzdzr d375p Dant ec Dyne
T oSHcAO®m® § 1

t OMMmMdiss iz dz®Mmlis d tMhte | dzdztsMisd tsH dzts
dLeBIstse dzj dzd W BOdzsy j MisC d A sfj Md i3z Is tc
LOGtslssadlsj dzt dzesegts d dzj sBmtSHJB@sMIs! { tedc

17§ sdzdzj dz -dzPls jj waBlHAStcdzr 2 @ ©BL Bt Mikh j M
BsdBj dzlslz Isj - detf dzs fdc20 o § lEOadiL ¢ d B 5 d3, dzO ¢ ©
dZzOcdtcjotsds d BJ L, JLHjd&d?2 Ctwkzodzsets ot
ZOEzydz" = dL " MSC Oded 2 zud dzr ~. t OMMdizOIsted
fdztsy dg d3¢ s kB d dzd tots @ O dgdz’ 3 dzOctolzy j dzd j O3
te] OdzdL 2] BYRIsEPORY i3 cOo ddz! dzr = dBON d dz.

1 © shdats o § ftese j HJ dzdztsG 5 Odz0dzd L ©
tcOMmilswy jdedj &3 M dzOc tc j o 5 3. [ Odzr Is j tste
LWWiSGlsdodesMmisd HOdzdesG 8 Isj mdesdzse d yj Ms s
Wstcdzd tetso Odad j Gjtsd3j Isted d L OdzB 59 § § dzd
H]jWttcd3ddtetseo Odzgdes] Mmsswdzdy M yjdzr ¥ ts8
Wstcds o ftsfimdzjHkeshdj 110" dLElstse dzj dac
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readtfirt Ll or 4 gfaufC1RC 1 ¢
tedJdaRrRYrasf1d Y Lrmfro

21 1 OL So 'Sjt B dr Hdv tOMmyj A gfHslotE g d
tcOMiswy jdzdJ &3 M dzOGte] 9 s

1 OL B9 OV Y 5t dg t® Y RIP ey jWlss@ 5Oy d 2

s=[e, (2.2
GHEH- BBHEZd EkEfkbBegtmisd,
eitslsdztsmdlsj dz dzOw H W BtedzZOYydw, %.

[ Mdfftedf wOot€QMmIisw x j dzd § &3 dhn § de@x tegx@)distdg o
ZHdddzj dzd § o OdzO
Dis =Dlget Diy + Dle, 2.2
GHQugd Hdzddzd dzd § d L OdzstsBI SH dBBsS] Hdzw G
dMoSHEGEEE ¢ BBl dzdY o O&zO
DyiZHdzd dzj -dz@j s i3 j cOlszZtcdes @igsy tcOMh d ts
DleT iz H dzd dzj dzd J ) ded3s{detisjo Owdaif™ o3RS 6 15 4 1© H2€
d3d3

t OL dzd y O Is § 3 j WeWodstdejdazlsts o € tsts OMh d o dzd
LOGCIs@GolE@S ] t©OLddyOd dr BI j 3o, z ) dzts
sOCY] M Sty O0rh j2 MejHts?2, fHtedotsHdIs
d, Msslse j IsMmilse j dadats, OghtgjLdzd § FeED | ddsfts 2 d2O@
1 © tod Mk dfSsi€ O O iz M tetsMisd ©r~ dzGDICHE] IsdiE]o
o 5L dzd ¢ OB jt dedstctase A6 &l
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A A

Y

t dME2AS S j BY j tO@Yc) EHDOZONKH j dzd v
f cffc0®OMis™ >y j ddJ i3 dg¥ dAPE @ bpdeds 1

l1tod tOMmlwy j dad d

s.=(, a,Du. - la,Du, )t K(,F,), (2.3)

¢ MG, a,-C BB EdF s 0NN ) dzdw Ldnls O j cz
Do, Du, - 6OL datsfls! bz ts j 68Y z@Pisj ded w  Tls OF j
IMotHdE? ©OBBY)2 Isj &Y jGdske I
l,.l.- Hdzd dzO M Ofzpdgts d
Fo- § dzsh Oy J dadfy, od@gz0

sl WWdydd dzls Isjtedsdud MEtsets ttOMh dtej dac

Isj &3 J tOlsktcdzs?2 L Oadmd dissmisd

a,=a@” +Dv &/dT, (2.4)
CHEWN-S L WV dydJ gz sgeREQAMN Jqtoj ded f to
Isj B J cOls EtdzO N H ] Egffdfis j td0)jlstdzdgiss B tc OB 5Is €

daldT- ¢ stesls! @fts a3 Waj Yafif dzls © s j te o3 .
COMh dtcj dzdv ls Isj &8 j cOlsktsr .

65



I yjdzsd HjWsedkOydd o O0dO0 d&ZOSsHYWIE §O
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CHEI Ef tke OV H 9 StekOYyd W

gL ZOMlsd Ui NS OWWhH | ¥ 5ROy v
gilsj B jtcOktcdzOWe Hj W StedzOyd W

LVictogerdzo SF 0 desdzs € d UJ M€ k@Y s Rsifdiots w dzrddy J
RO | k®pscisd &t dsz@Ot BsOT @ d

Seni [ V)6, (2.6)
GHUWL)-Isj B j O Obtddge f3r 2 BsHizd kfitkzet

10 todifPl2dzdsC OLICdmY j tod dsj dzls O dz' dzf) § dzts O
GOCG kY j ded ™ d HgCh simldy@ia) 2 Isfitaklf j €Okt On .

SO¢ odHdts dL HO@dedz: | daisO¥sd(gpizh § Mise
d dzj 2l gMOded™w Mmots2Mmlses &OjtdOdss § ¢
Btsdz' "z¥ ftscetcjh desfyls . [ dzw  ftsorh jddw |
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Colstster | ftojHMmMisOoadzwels dqL MigeYW dzOBtste d
nOLOCkjtedLEshdr ©OLd&dydy j Mots2Mmkes @ ¢

[Hdzs2 L kOCdR BsHjdj2 wodwjlshmw
BSHJ dzd {|OHRs.¢c o O M d j¢ M dgzd Mz B3O H 2 Mis
ftoky ddzz, SOw©OCIk,jtedL by ls tcOfMis2Od daf@y gl j
mdsd " § dad 4§ ftoj HMisOa dzv j Is s t52 HJWtsteds
ftokzy d dg Mstslse jIsmMsalzjly. BEOlE @ dafCelz ¢ &
o dazlstej dadzv W 1 dgj tec d W [1Qf Rzdzts Mis' 8 tsB . Ols d d3C
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dzj 1 WW Jj CSIsdp @esiesy desMmisd toj OdzdL Oydd IstcO+
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LI o1 LrefrRt LT L RY Vit fArvpdl sR
todguvcr 1R, o 1owbr bidh ot vt ferulg
frovfrd{]

51 [BL Bt MY sdz' LSrpjAedgdor -~ dzjdjtdstsH s 9
ftesyj MiMtse H j W s tc@RdE Rotcdp|jWls. | o18FBHS S H

utsotej dgj dzdz' | BjlssH' BtOBBISSd dd¥W st

BOh Jdzdzs ¢ 5 B EZY  ded v, g sdz' L ¥ sMw  H
sjodsdsecduyjMSdn fesyjmMimss. { OL dzd ydz' j
BZOh d dzdzts G 5 sBlkzygj dedw, sBjMfj yde Ot s i

st lsd B3Odz' dzts 2 MtckzClskztcts? d Isj » detsdzts G d y
s jtcOlsdodets d Itsydzes t6j Ocdtetso Ols: dzO dL ¢
[ jIssHT @BO"Nddzdesets tsBERZYJjddwyw oC dt yoO, ls
[ JIstsSHT MlsOlsdmisd yj M 2 sBtcO®FHHdsdipz’ E
Ctstotcj datlzygd s g H J dzj 2 W dzW ¥ ldsiw  d e GeLdis aL s
Mcotcj d3j dedz" » fSHARBSHBO © BHtejHjdzjdedd Ml
Cst WW¥dydd dzlstso sBjMfjyde Ot Is LWWj CIlsde
sSBtcOB OIS 9 0j 3" 7  HOdzdz = . RL di3pdg ztfso ,C OB
BsHj dzj 2, fsor hjddw Istsydztsls d ) z i dzts
dmMrHd 7 HOddz" =. [ dzv OdzOdzdL O, € tetsd3d
oz f Jictso OdegdW HOdzdz" » Hd&zW dr BEdjj
f tsdzd BOdzd v L dimYf sdz' L so Odad Pw3d d B Isfshb B
2O o dzj dzd j d53 W o dzw B Ismw Bj IsHT dzj 2 toc 51
sBiMyfjudoaOsls tjhjddj Isinm %d LOHOU, ul
Bisdzj J Mdzsydzgr » LOadmddssMmisj?2 M BBdZjJ o
fted dd3szh § Mise tsd3 daj 2 wjdddliagpyr ro OBy dHzts ) IsdzO H &
shdetseo § HEGftsdzddls) d d' - HOMdk -~ Sttt &3
1 CMMyf jteddzd delsOdzr dzr = dMmMmdzj His9 Odzd 2, IsO¢
[ JIsBBHT Gz B ¢ 8G 15 sBlzyj ded v f sLotsdzw e I
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dMfcd L 5o QiR HasH MdlskOyd?2, lsddyds -
flsjd dzgjetsd hdr CttetejCyd?2 MlstekSlsktr
Clsts L dzOydlsj dz' dzgs MsCtOh Ojls ot dgw dzO
otsftesh B BB j &) IStj dadtctss tsydz[4D,50] O dzdz’ -

t OL dzd ydz' § Isdfr dzj2tetsdzdzr 7 fMilj?2 §te
ftesyd Mse HJ W hicBEEGLc@ddw j dd ftoed &3 67 ¢
dzj Qtetsdzdz’ & Milsj2 Hdzv  d3EEOf deckty kO dzif ¥ O loc
COL dzd ydz' &  kDIs jeafjOfifls o .fls Ols' w & O dgdelOd iz g
S tcd HJ dzj dzdg" | dz®{ tizdf P gftides Is 4 3y i Odstdrdylisy
L Oo d fd d3ts ) ls-af 5 dzzts AP dg®j L Z oz’ s Ols Odsd BB H j ¢
dMmyf sdz L 59 Oded § d3 daj 2lders delglz" 16 O fifrffJ tdsty) fiRls teif clisy Bolz]!
olssts? MOk j St WWdydy dlsr dVd@fozd s d G,

GJdzj Isdud MEs2 sflsdddL Oydd . RMY sdz Lt
OOl uj MSdn bkttOodzj dzd?2. wltekzCllkter dz
d dzjQietsdse lsddyoOoddm' . td {lstsd, ftd

HOs s BEdzjj bkbydts,] L ddGuokdf tyP | dH docks
Mz yOj ofntHdr &5 § OOk kO W o dzv dzd !
HiWwstedsOydd d[43j i3f j OO

[dzv  BtsHj dzdtetse Odzd W  f zOfylsd yj MSdn H Y
dimy sdz' L zj S[BY [ gz € St HjdzjddY OO Is
BEHjdj2, & 3ohdr o shdsse] ©LOMujlktse,
9" BtcOdzdz = EtcOo dzj dzd 2 Msmistsw dad W . 1 r oy
ftesdmrtsHdls L] sBd MY Juddadj 3 Efdztse dw
L CMYy jted 3 dzlsOdzy e QL MY d - Isj mB@gadz" A .dzO yrdLls j
dzj dzd dzj 2 detsfylsd L Oo d fpQifdnesid) di gizts & 230 y )¢ t
d Isj B j tOlskztcdz n oLOddsmeawL j2 dmy s
sBd M judoOrhdj GO d 30 dz' dzlz MrsHd B
sitstjlsdui MSdn HOddzRTsH | EREy fakdetsD O dzd W
Bl dMmMitsd Lkjlsfvy OoltdkOlsdyjmsd2 Odkestd
f OOdij ke o st ydats? 5Y4 dzl t52 KOs to
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HdWW JtoJ dzydtetse Odzd d ztcOo dzj dzd 2 Msmilssw dz
sjtoeddtso WL Cstf dzOMisdqj g2 cObewgddd d Gt

[ BtoOlsdz 2 3 stsH 15 tizaztz g3 Is dgts Is ) d3dzi B tc dz
[88] H dzv  d3tsH j dzd to 15 adlBDdEcfo ¥ jidtodsBO y v f tod i
ftsor h jdade n s j2B9R50E0ds@rdcddRj o(" 7 M dzOs 59 .
dzj Qtcsdzdzts? M@ stzftzs L Oo d Md s M ls !
Yj &3 o' BteOdadzs’ j] HtjHjdwehdj EtoOo dzj dad
sftcjHjdzjdgr M ftsddshi 8 Gjdzgjlsduy MEts2 ik

l [6l]fteseo JHjdets dMMmdzj Hise Odedj § dzOMmisd yg
My dzOMAB1820 I Ekyj lstsdy HzO fHig Cetdnjdzidcfic tso O dzd W
MestesMisdzsd3 H d OKEIOA 0s@z] frodzv0 0 @ dzOdzd Isd yd M€
ftesyi MMO HJjWstedzd toso Odeds'® o dzf tztf oz (MisIR® dz¢f
s Iz ¢ © JohngorCookK |, @ d2Ez @D dze BhanHangLliang) d
BsHdW dydtetse Odzdzts j z @/Gce) dzj dzdtfj O tc Aldixjusite "
St H]j dzBdztigH ORd tdj altgisismdsdlz ¢ J dzj sd ud M¢
tdLEd sOIsr McOodzdo Odzdm* M Hokzdw Isdf O
OdzcstcdlsdZsds [ Ot 6 OB®BD) MsaEks DY o] ¢z dzw
sftcjHjdvs hdni B oD g dpgd tztf? O ddglsts | Ztc©o dzj dac
Zoddzzyh d?2 tjLkzd OIs, dzs ¢ OL Odzts iy n
mMikbwdksd 1t s dmOdads® Odzd L slstetsf detsets  H J
f zOmbsdud MSsets Isg ud ded v .

1 [59 Isj Mis'f sdz® 2y Mls: CBf sL dlsdetse 52 3G
Isj B3 j cOIskztcOnR @iz0 f defuelQ ddztsdes{dy - o O dzd ! s
owLCBEftckedd ktcOo dzj dzd § 3. MBtetsh OW  fMmQat
54 i3 § L OEOYAY Y dz [ OMr Y H] dadd dzOUd dzO dz
Misj Cdzso OdzdwY. RMftsdz' L 59 Oded | Rditsg S fiydztesc
O ntsSHZr 7 dgj 2tetsdzO, 45 9o fjtwotsdz MCter Istsdz
sB Iz yJj dzdzats 2 B stsHtsdz Misf tew y j dzadz’ n GteOH (
ssydetsmis! fted ofMina s BY j tc@OHtus@®R idlz o N c

sOC odHdets dL CtcOlsSCtsdfp thep R st eds A M
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BsH | dzZdtetseo OdzdWw wWOL dzd ydz' = ey Mmse HJ
BOIsj ted Odzts o fsCOL" 904 Is Btsdzj J or MsC kz
OkzOdzd Isd yd M< d dzd sftejHjdzve hddid tcOo dzj
fsdzeyj dz@ dL €My J tc[ldRHvzls Odz! dz" = H Odzdz" n
ltcOBtSls] HOdzj ] tOMMdBZOIstcd o O jelOfifis v fj t§ tezq
m dzOG tc H® & &3 Isdf so BOIsj ted Odzts o : el
CototetsL qsdzdzsMists?2 C SG 5 My dzOe O ) Emdzts o
[ SHjdJtetso Odzd ) fHtocso sH EZOfHGYR fzdy s D i dfds
LdzOyj dzd?2 onrntsHdzr 7 H OtcOdRj stetso Clstster o
mMestttsMis! HjWsted3sOydd d Isj B jtcOskztcO. )
nSH J sdazdzifthad ® acOdnils W 3 j dzd § d3] ) -~ 2@ dzlc gy S RO O
BB H j dzd H s dzy dz' B' Is! i Otc Qjd3d Isddd 9, dzts dB jOMG
eOMY o HJ dzj dad W f zOmisdud MS d=n H G dste d30
Cs1 WhHdlapd dsCod desmisd@ Sty QL de'ted] IsizfstHig azd te s
HjWtstedsOyd2 fHtotso jH,j dg dimimdzj Hise Odzad v {f ts
MsObdmisdud M¢dn §O0GBORB] KiEESOBHY DGOy dd
LOHOYO MmMowLOdzO0 M ftoj HY s5dztsy fij) ldzd ySagd o /g B
f zOMlsd yd MEsets Isj ygj deqw, Hs CtlkBitisets
f OtcOd3] Iste tceOMY ted HJ dz dzd W HWBstedzGoydd
5§ tej HJ dzj dzdz" J s B sEifpidyl ¢ 6 v L Odedz"
B34 ~ Odzd L ABO H J W ts tc &3¢ tofitplo @rdaf WiZD mded y 4 fsSdts 6 ts
dbolssdizOIsd yd ME s ctozf f Jtotso Odzd J mMetslse
f OtcOd3j stetso o MOOHIfdsEmikdetseI®dzdY L Oc sk
f SHIso jtey H ] ddW LOoadMmd ditsmis d tc © o dptdsd®jHtafdgt
fazOmisdud MS B upbaMdty i3f J tOZzcdses d f

52) sflstetsj ddj daj ujlbSs?2 dzgj 2tsmjlsjos?

1d3%d ftjnMmisOadzjde tjLikzd O 1 ¢t
f 5 dzlz Y jdd@iz t5OL te7 o dzgs 2  BOM) oAy § tindz deO=ateq dadsidsis
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GOl jtedOkztse MlsOdzj?2 35 d 12m18110u. |
HiWBtedhsOydd, O 1OCy ] is§ s Y tePlsdGddls dztsdirts
fjtcotsEts totsHO.

sl WWdydj dzls dzsC Od desfls d :

Imax
Ko =21, (5.1)

¢ Hlgai BOC M) q ds@dz'daiftelgj dzd j bk yOfdsg O B EOL
lmini OB dzq ‘B@Ezj b H dzd dzj dzd j, EBE®MISC O B ts

J]BtcOBBISCO twjLEzdz IsOlsse 9o j dzOM! dsoffjtsc
cdBidHAdS?2 OHOHzE g 6EE2 dzd BANFIS; Jo '™ O BGwjO
HOdzdz" =~ HMzv BeBERZYJ Y MdMisy &3 dhf sdz' L 5
tc O o dzts d3j toc dzts ) lodO dmdjWW, ts tdfdfCtadn. O Gztigf 52 o Is OB dzq

OB &ZdiPOBzdzl | 5 dkzsS Od desflsd Hj WSt dBOY-C

v, Awu V,J H. U % K
500 4 1.88 1.07
500 4 4.35 3.06
500 6 1.161 1.67
500 8 1.47 1.98
300 4 2.05 1.48
300 6 2.159 1.85
300 8 4.08 1.14
400 4 3.21 1.51
500 8 1.89 3.67
400 6 1.13 2.54
400 4 2.896 1.56
300 6 1.9 1.01
300 4 0.95 1.02
300 8 0.87 10
400 6 3.97 1.65
400 8 4.36 1.15

l tod d3j UOidSjBY j tOWEAC Eprbls: H PilHddsOopgian ¢ s % W d
s Od dzsfls g

[ dzW BBsH | dzd tots o Odaed W GdBtcdH dztsi3dts H glzgzry Y
Modetls Dl tcz CERiE®Octs? ¢ 0L OdkO @A o {p ¢ gz O
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cdMkzdS,] @.RESSHIEBES L OHOISOdMjHIMs 9 o Rtk
ftod dzOH dzj ¥ dzs Mls d .

sOBdZd\jPOBzdz2 ] 5 dzsC Odzy desfisd HJ W stcdzOyc

U, A u V,j H. U Kea
300 4 0.84 1.48
500 4 1.43 1.24
500 6 0.74 1.56
500 8 0.42 2.1
400 4 1.327 2.03
400 8 1.17 1.36
400 6 1.06 2.5
300 6 0.96 1.95
300 8 0.31 10
1 ted Bj OISR j tOWE@C Elrthls: H PivHs VdsQodgiiy ¢ st W ¥ d
TS Od dshlsd

stdzd yd misgtesy j -~ 8" BJtcOIls! MW  ff cOdzL ezt dg
Cddyj Mo sd B ydisO jTs.iw ) tisds o '  tsdzdzj dzd d
HOdzdzr @ WhkdSyd?2 dLdsjdew desfy! sl 3 HE
stlse jlsMise j dedats, Hdw ded R B' dzd ¢ scelzyj dg'

> >
= \ Fuzzy 35 f
>©< (sugeno) ()
V
>©< / output

t dmMzeAs @ stezC sktc® MdMmilsy d3F  daj yv |

I coujfmlej WkdSydd §tddzOH dzj y detsfls g
Clsts B' dzd | OkMMtoed ¥ sded dadv & tedsBisd ® 1o d
9NBHO: HjVtctsdBydW,) ¥istkes0y dtfts ©F sy aikf § jo©
zsj HOLLEBOC Py HEZELO L OCds yOjsfw o
dzj UjlsSkys §jtej dsj dedgze fted Gsdishd Wik ds
fOLO®jlste HdzW {lsset ftjHMsOo d&v jilshmw o
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WldzS yd?2 fteddzOHdzj y desilsd L OHOdzdzs e s st
dL d3sd dzj dad W 4t &34 dzdets 2 dz0O EyOmils¢d,
dzOd d3d detso Odzd J , dzOf tod d3d ts, ft o4 dzdyd dz
f OLOd) Ister

input inputmf output

Logical Operations

. and
o -

not

& dzf5Y d v a3

it dMEzB2E & Is tc iz CdsdzactOd R pAg@ yJ Is W
Isd ot 9 - fSH dzs(

f tod dzOH dzj 3 dats

I fdzkz v O j dMfsd L so Oded W Bsdz hj ¢
ftod dzOH dzj 3 detsfyls d  dOf sc@ dgflts dzd3ts ayOisizj dz! S d 2
BOdzj dz2 € d2 (JOwORBjlste d ISOC HOdMz) J . 1 jto
L dz2Oyj dzdwv  OtcOd3j stetso f sf OHOE s © BOLLE
WsttdB3dlzy v e fwsyjmmj Selzujdd¥ &BESHJ
MdBwW dzdodzj 2@Afs 4&scBEEn M SEYHsets O (

r dzv sBbkyjddw d sBatSHJdBES L OH OIS 40). ydfr
[ jIstsH tsSBiz § B P dzts § tcOMY tetsMmistc Odzj dad j ts
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sBkyj dzd¥ &OSGHdl ©wOMisdsyjddj Wikdy
W Bt a3z, s 4 MY j Wpo@ hdefzjs  dfdsdz te j " dzts fyls -
sBlkzyjddd dmMrtsHdz j HOdzdzr | tOLHJ dzws Isfw

[BEY] dzdzO" fMdMmlsj BO ©kwOy0jlmy o KO
YJ dzlsteOdz! detsds B dzts € §j .

plot points: 181

Membership fi ion plots
I I I I
T_small T_mid T_big
1
input variable "T"
plot ponts: 181
Membership f ion plots
I I I I I I
T_small T_mid_small T_mid_kig big
1
|
input variable "input1™

Oilsted Itoj e sdz dzuyg lsW sgeS yWpHkdiEEieshd
{ dMEEBES Okd Odele’stc® W hkdC yd?2 o teddz

J shdefedjinOdzdzs e s BsH j dzdtetseo Odzad W  dzj 3 C
l esyitfidPo €@PMmMisw ) j dad § d3 M o deie@ dstdnjve s dgdzts G S C
nOOCIsjtedL zj Isfmw L dzO Yy j desfeivezek,..mp FOs H 20 € 15
O nBHIUEt WY dydy dzsOdzd dzts€ Odz' detsfyls d i O
zyOofmlis ¢ OWYidz BG).7 .
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o "lo@oHd®)] df teo) HOM H J-u .0 ddz ¢ [ o[
Zcedyj MEsets 9" atsHO
abetsdtsmdz HiEtsh

lesyd MM
[ dzv  dgj Yy S s ts
BsHJdd ISdfO [ OB3H Odag H degzd
8 1(x=a,) y=b,+b, & +b & +. +b, &,
p=1 =1 (52)
j=1m,
GHhji St WWdydJ dalsr ;

miS ey Mlsots WkdSyd?2 §ted dzOH dzj ¥ dztsfiyls

lTeodgBOL" dgj Ud sStsels8 9" 9 BHO Wigdzw j Ismw
Yi:bi,0+abj,i&i! (5.3
i=1
l 17 otthtcOo d dz, ¢ O¢ dzd dzj 2 dzOW C sd3B d &zO

ftoed dz2OH dzj y desfisd d S48 ¥ d Y] e8], '] ¢
C s sdzj dzlsT o ¢ v UASE drd @ Jj I lsaste @0 ¥ T s MERT &
WldC ydw o tod dz® s dz§ 1 dgtf 5 Kz dzls © &5 tiow] dztisd] 5 ed,

65 f Otc Yz lsdct®n di3tsH J dzd .

v OB dZdyPsE jB8 HIW sy dSd BBKOBSGISCd dz2O
X1 X2 é Xi Yn

MF11 MF1> é MF; Y1

MF21 MF22 é MPF; Y2

é é é é é

MFij1 MFi2 é MF;ii Yi

J

ftoj HiNIsOo dzj de'tc O @Sz A , 5 .

CjLEd 5OIs

fsdzzyoj g mdmisj Gk,
dzd dec o dMisd wd M dJ wiqudndzedasdds Go. ' fotdstherf &z6
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11
12
13
14
18
16
b
18
149
20
21
22
23
24
25
26
27

CIf [temperatyra i small] and [skarost iz small) and [deformacia iz mid) then [lokalnost iz mid] (1]
f [temperatyra iz small] and [skorost iz small] and [defarmacia iz big) then (lokalhost is mid] (1)

f [temperatyra iz zmall] and [skorost iz mid] and [deformacia iz small] then [lakalhost i big) (1)

F [temperatyra iz zmall] and [zkorost iz mid) and [deformacia iz mid] then [lokalbozt iz mid] (1]

F [temperatyra is emall] and [skorost i mid] and [deformacia is big) then [lokalnost i big] [1]

. f [temperatyra iz gmall] and [skaorost iz big] and [deformacia iz small] then [lokalnost iz ozhiblka) (1]
_f [temperatyra iz zmall] and [zkorost iz big] and [deformacia iz mid)] then [lakalnost iz small] (1]

_f [temperatyra iz zmall] and [zkarost iz big] and [deformacia iz big) then [lakalnost iz big) (1]

. If [ternperatyra iz mid] and [zkarast iz zmall] and [deformacia iz small] then [lakalhost iz small] (1]
11 If [temperatyra iz mid] and [gkorozt i emall] and [deformacia iz mid] then [lokalnozt iz big] [1]
12, If [temperatyra is mid] and [skorost iz small] and [deformacia iz big) thern [lokalnost @ mid] [1]
13, If [temperatyra is mid] and [skorost iz mid) and [deformacia is small] then [lokalhost i big] [1]
14. If [termperatyra is mid] and [skorost iz mid] and [deformacia is mid] then [lokalhost i mid] [1)

15. If [terperatyra iz mid] and [gkorozst is mid] and [defarmacia iz big] then (lokalhost is big) (1]

16. If [ternperatyra iz mid)] and [zkorost iz big) and [deformacia iz small] then [lokalnost iz big) (1]

17 If [termperatyra iz mid] and [skorozt is big) and [deformacia iz mid] then [lokalhozt is big) (1]

?S I Nemperatpra i rd] avid [skorast is big) and [deformacia is big] thee ok alrost is gl 1]

9. If [temperatyra iz big) and [skorost iz zmall] and [deformacia iz zmall] then [lokalhost iz big) (1]
EEI. [f [temnperatyra iz big] and [skorost iz small] and [deformacia iz mid) then (lokalbost iz mid] (1)
21 If [temperatyra iz big] and [gskaorost iz emall] and [deformacia iz big) then [lokalnost iz mid] (1]
22 If [temperatyra is big) and [skorost i mid] and [deformacia i zmall] then [lokalnost s md] [1]
23 If [temperatyra ig big) and [skorost i mid] and [deformacia i mid] then [lokalnost i big) [1]
24, If [temperatyra ig big) and [skorost i mid] and [deformacia is big) then [lokalnost i mid] [1]
25, If [temperatyra iz big] and [zkarast iz big] and [deformacia iz small] then [lokalnost iz small] (1)
ZE. If [temperatyra iz big] and [skarast iz big] and [deformacia is mid] then (lokalhost iz mid] (1]
27 IF [temperatyra iz big] and [gkorost iz big) and [deformacia iz big) then [lakalnosgt iz big) (1)

tdimzds s dBzco dMisdud MCdJ YteOo ddzO

temperatyra = 400 skorost = 6 deformacia = 0.67 lokalnozt = 2 76
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