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A New Method to Reduce the Multi-Model Set Based on Maximum
Stability Margin and Gap Metric

Mahdi Ahmadi, Mohammad Haeri

Abstract: In this paper the multiple model control of linear time invariant systems with wide
uncertainty is studied and a new straightforward and systematic method is proposed to select the
local models. The gap metric is used to measure the distance between local models and the
maximum stability margin is employed to grid the uncertainty space and measure the permissible
distance between local models. The proposed method guarantees the improvement of the maximum
stability margin which has direct influence on the reduction of the number of local models and
computational complexity loads. To evaluate performance of the proposed method, control of a
mass-spring-dashpot system is considered and it is shown that based on our algorithm only a single
local model is adequate to control this system while the existing methods in the literature require
five local models.

Keywords: maximum stability margin, gap metric, linear time invariant systems with a wide

uncertainty, nonlinear systems, state feedback.

o e St S F] lald 5 (5ladde Aile Calisue
5 oasnts s [VFN] 03 28 Coalad e b (gla gt J 257 V1 -0]
Sladde sy (Shs e Aibe [1A910] e sy Joos
gl 5 oske filos I (slas same & ol Jilow Ji5 €
el [V cwl ol Pl Jo 69, 5 Aol dlas o
PID Wil Lo St @lp odd wls gla by, S Ol5

5uw Sy 35 90 ‘5&‘5}7\}:....\&:}”&.4 J =5 (LQR (MPC

dodo — 1
phe (b e e, lyls By Glis js s e ‘_;La‘.:..‘.:..»
G b &S s Sl 5 il (8 Ll b cos 28 Coabad
Sl Sy oS RS (b g 5y Canyd g Aiten 03,28
23 31500 lopas o ot 2 b 5 o Joe &5 ol b e 2
S8 cladde i ity et 5 3 Al b OSGl (634

Sladie 55 plizen | (Gl 4 55 3550 5 0355 TSl SB3y

o sb i k| s o8N gt J ST e a5 -0 1 385 31 5 ST Oledige ezl o 257 alee

Sl damms LIS s olge o 5



Gap Metric 5 auiw g bl Skl e 68 L (ladie gy 55 Jlows (ladis 46 gazen (2l (6l it 25, 41, Y

S A dems (el (g

SediS 28 imman 358 o dl)) oIl Skl alal  diaolsls
Aigh o b e gladle b bl 5 PL okl b o
03 58 Coalad e b ot (glapis 3 Shoe 5 (651 e ok
DRt el

sladde gy 5 0ap metric il 1 glaney i Tl caslsl s
s e Eas ¥ At 03 e 358 e S Y i 53 4B
B Lo sy dome ladde aspare OBl e Cnl o
23S g Ol 1y ok sl by leand B B i 5,8
33,5 w10 o 53 (5,8 e 0L

Lono ) gy —

gap metric paisko (S o —1-Y

ol Olge o El-Sakkary s Zames L. s gap metric £ e
Yol @l 5o s (B S Sl 3 Conbibpde anllas gl
e 33 G 4ol (S50 (s oS ol o o3ls DL [YY
il el g 0 e S Eas Ked & Sl QAP MetTiC )
P(s) &8 3 sy Cupm b sladde glad s dol
g ol ol g Flam g S aled 515 5 1S s b e le
¢
P =NM"!, with MM+ NN =1 )
G el bl e Slee Kb () 0 55 & ol
& Sl Hy (6lb 5 4 slib 5 ¢ P ol 8 M (s) = MT(—s)
Soseh
g = [N]H, ™
Y= SeliSa ol W) slazss el Jald 5 3h 0 S
OLSS 3l 5 sgudoms da L Py 3 Py (a5 pes 55 o alools Pu
S b IS 5S35
8(Py, P) = |Ngep,) = Mgy | \R)
33 .Sl G(P) S5y p dalxia 5oz Typy OT 55 45 550 g0 s 25
abasly 3 eslial U1, (F) oy Ol 55 g0 4SSl ol aals Olai [MY]
5Py, P) = max{8(P,, P,), 5(P,, P,)} (f)
8PP 5 Conl Py = NyM3t 5Py = NiME 0T 5368 5 S aclons

Q)).p‘\{)osﬁ)‘:g_.e;-' > ol

> M. M.

3P = e [] - [v2] .

(Py, P) INfgen,, N N, Q " )
Syt Olg oy (F) daly 5 op s 33 5 oo s

6(P;, P,) = max {ianeHw

wlel.}

M; M, .
| N1]_ 1\/z]Q||m'me€]-lDo

[:]-
Nl] Q

P73 s & (e 53 G Alob b I 3 S e 5L
Sl @lols 8(PLPy) ods (6,8 o3Il alol ol ol s Ho

L) ORI F PRI ST
KT SPLP) <1 B (opmer 0<8(PLP)<T

LYV-Y1] 58 enlizal 5 oS e sy

5 Jols S ladde ha) p e iSRS b
o Jon (Sladie I (slae gome 4 Aol o 1] ol o e
s SRS U S el oS IR e 5 o
i s 5 g il (s Sladie &S5 &S5 (gl 5 0 1)
SIS Sladl g LOT Ll ar s 5 O ¢ does (ladids slda s
S YV O] o 03l ey ol JSb 4 0586 o zn 255
Olalbowe Sy 5 o S35 2 ke Sl & g0l 51 [YF
enlin 31 b e (gladile 45 gazme 03557 @l b 315 s 36
Sl 1 oslatal &S Cils 4 g b Cenl aie ol 5o e Jilee !
ils O e 56 0T rf sldad o3Il 4 Ll g5 o Jove sladite SL 5
Sy slaewy Olse 4 gap metric Hl 5l 0 gladle 55 [YO] Lib
el 4 & 13 iz d 5 3 0 s (glade Ol alols i

3 o sladde o LI s (61 gap metric I (YY) s
):.ﬁw‘a&a:uul#féuwélﬁHw S J S b
Olejad Sy g0 4 dows (sladils Sl gl 1) gy pioes ol
ool IYFT Wlosls &1 adl> a5 JSCa5L 2sy a oS d 28 b L
813 4 Ll > gn eS| el o glin 5 Shes 5 (5oL ¢ )
Sadde 8] 53 3l 5L o Gladde 4 sazme JSKE5 5 4l
ot e ol Hskine 5l ol &S5 51 eslizal b Jows
Sl bdde Jome 5 el 53 gl LU ST Obsl 45T L4l
Tl AL/ ISERE- TR I SV
I3 5 o el wlnT Ol 8 o0 1 ol 4Bl s
2 @) Sln s dinoliB ot w1 b, 3,8 o Sygo 4y
s L kT 5 ol AT SIYA 5 V] 53 uiises ol
S o bl 4 e 45 Wlos S enlitul dowe e uni (s
350 15 Hoo plie odiS'J 287 g5 prl o 238 o e sladute
e il oo J S slae sl Kos Sl 53 Llosls )3 eslizul
5 gt g5 imen 35 g eSS Sole
1z gap metric [l cpoml e ol SIS 53 e S 15 s 3550
Sl odd @ly x5 355m 03 28 Cais pde 13 (Gl panm
o slgity Jous Sladie o 1y as 53 (e 2l 02 [V
46 gorme S (6l 0dkd i iyl SkT 4 Sl S el
Sy byl das S o gladite Kspl 5 o Jos sladis
ol & BABLRTLIT

2 e Sladde a0 geme alS 5 Ol Gl tags s
3,8 0 S s sy se 0358 ol g Sl s (sla gt
b A oS 6K (Jome cladie sl 2l (gl
W ol 53 ks 8 Mol anin olhl kel pslie b3 y5 o
235 o0 pon 55 GL ST b s GlaotiS S 28T o1 b
Sz caalsl 53 3,108 o a6 e sladibe slis 555 5 o
SN S os Nl s 5l e (SLads 40 gamn Sl

Journal of Control, Vol. 11, No. 2, Summer 2017

RS Olls oY oyles V) tlor 287 Alme



A Gap Metric 5 auiw ¢ bl Skl e 68 dim (ladie ) 55 loes (Sadis 46 gazen (2l (gl it 23, 41,

S A dems (el (G4

sin"*bpyg =sin"'r +sin7'r, )
el ol [¥V] s sl

Ssh s ol piamsry =T 51, =0 55 k5L Jl-

5 AL L (PK) 255 b 6K gt A (55 ] ) Aol
T3 b K e oKT 550 5 Py = (PAI6(P,P) <71}
s 5 Sl 5l 55 Py € Py olod (51 (Py, K)

bpg =7 > 8(P,Py). 0
23t U5 o 5 e (5oL ST (sl syl ST b alie
sl Sl

ol L LS fus @b Sl sl Py s P SIIYAL Y dos
S S APy = NgM5T 5P = NMH g3 4 s 5,5
A5 F1s)ls 5Py 5P 12K Syl

5P:5(PJPA)Sbopt(P)- <\\)

SFNe B gy -T-Y
SIS b 403 28 Coaladpe Sl o (la g
{x = A(6,)x + B(6,)u
y = C(6,)x + D(6,)u
SUEUCR™ (= 45, x EX SR 0T 55 o8 0,50 5 s 1,

(\Y)

GP ”""‘:'Lgs" Lhc:.-jji- s p s s, L5, ;‘,.:Jj’.:yEYQRp
S 4 Gl 8 355 0 5P 5 035 e 53 psbrel gla oL s
917659: ‘5\,\3‘ -L&\.:hsa (}l&» L;LA@J}.JQ;A b A.),.ié L;L.as
die Sy sl 3 6, s & gl 05571 {0,:0, <0, <0, )

oyt My (o

{x = A;x + B;u ar)

y = C;x + D;u
Ci = C(6p) B = B(6p) Ai = A(p) 0T 15 45 3550 (oo $3b
ot o s My Joe gladie ) (l.,\f sk e Dy = D(Oy) 5
23 OY) prw 51, plgta il 0 5 035 e Sp LS
Sl F e o Gladie B S S o5 Sy ol
1 OF) ot b ) 015 0 KT S, CU Sy & L5 sl
23 8] Sy Jows gladde Sl Sl pwle S 5 O s
Sy 53 (K35 Ol kiSOl G55 ol b codal s S 5
b g sl Bl o Jie ) (Lol gt b 5 0k o 5
IS Je il Nyl e sladile slis o7 550 555 )

Copot s Gadde S S IS 0
{a‘c = 25 wi (O Ax + B

y = Zi% 0,0 (Cx + Dyw)
Jola b ble 5 0l & ls (G55 o @i(t) Of 53 &S 348 asla

S)9)

S35 b S Ll 3 (oo S sl (6l Bl pll e

o] wal 5 Lol i slyls w;(t)
Z?’il w;(t) =1, where 0 < w;(t) < 1. (o)
s Jool e aw glyls 6B dr gladde is, o IS Sl s
53 T 5l IS a0 5lael Oljes 5 (A, By) (Jows ladie Jous N

8P, P,) = §(P,, Py)
23 5 s 53 (S035 F0b o 4 &K35 8(PyPy) polie Y
Al gr gl Sl 3 DT (555 S0k & 4 63 5
SlodiS Y ST dns(on OUS o 33 o S8 Aol & Y
35 O Aol oman 5 LS HILL 1) 53 8 Wl e a5 3510 5 s
Wl S S Hoo g 53 a3 ot
dlons alall p5gde 5 1) Laetenw Ol alols gap metric ¥
AL s S Slap 1y Mg oS Sk S
5,8 515 eslimal 5 4
gap metric poede 53 ;1;&5(.\; axb &S Sl odd esls QLS
Wl 0 3l i s Flam (5 ST nlad 53 Conbadpe 4G L Uslas
WS r Ol 1y s ge onl ) 4
Sl s 5 o35 b s @b e 5l PGs) BTN ) b
don 1y oT sl P = NM7 o3 ok o i (g jile= (s 8
Sl eal 0 <E <1

{P:8(P,P) < e} = {Pl: Pr=(N+A0)M+A0y)"Y Ay, Ay €

Ay
=

Oljer b Lokt gap metric ldie « 35d n odalin oyl sl

< s}. ®)

Sl ol 013 [¥Y] 4o IC’L;'

SVl (ol ol LU 53 s Sl (6,8 isled 5o C"”dﬁsf”
3,5 oslizal 48 o gladide sl ol 1 015 or combipde Ko
Gy oy ol 3 &Sl A4S e eslinal s gladde oS 5 31 S

ROWPREPHEN | 7 o A 704 20 ISP g P

S3lb 9 gap metric bls oI -Y-¥

Slslbl oS I 28 K 5 LS hds b ile PST
4P o e it ML ST 5 (ol ST il OT ¢l
o5

bpx = ”[11(] a+P)1 Pl ' )

o0

bopeP) = {ibeaans [ 1] € + PO P} =
Vi-IlIv #mllf <1 S
Sl G Jyl Glaadep i M5 N 0T 53 &8 Wiph o (o
05 Sk Il s P= M7 g s P a5 oS
ST o dzes §pbn ol Kby W) 5 (V) Lalyy ool JSCa
23 30 BLl a3 5 0l (b s lS T RS 4 o)l
ol s (Ko e 3 4 gty Ol akaT S
S sl OT 515 el Bl (plie wr g 3550 bopt Sns
les ST ealamal Jsles slzs
5 AL L (P K) 735 b s e 1S 55 1] ¥ Al
Lai (w5 Ky = {K|0(K,Ky) <13} 5 Py = {P4|6(P,Py) <11}
Ky € Ky 5 Py € Py ools 51 (PaKn) 35 b &S0k i oT
A 5 Sl 5

Journal of Control, Vol. 11, No. 2, Summer 2017

RS Olls ¥ oyles V) tlor 287 Ales



Gap Metric 5 auiw g bl Skl e 68 L (ladie gy 55 Jlows (ladis 46 gazen (2l (6l it 25, 41, ¥

S A dems (el (g

Aol o mis Glls b Jde ¢ gy pl 93 ISy el Joee
3Ll N amD SI OMuL pedS Sl 5 03y 48 pee slade
oks 451 Y 02, S 55 e Sladide ae game OS] gy 355 00
]

Ny 4 M Jous sladde 46 gazes L‘.;,_);Jt ol Seslial L)
S wwssame ) p Gl S shie Ged 45 serman)
Sshse b P bl b Jae el @) eaiSJ S
b o oSS N sl 4 (ol (e (6l 5
255

Ll 5,8 o o5 &Sous Jlasl 36 S gap metric slie ¥ A5
S oslisl W 5 S s s e 50l o) gen
e slade slaw ol 51, r:w}iﬂ 23 bopr otd Pl yslis
O odd S3L Jowe Sladde 48 gezme immen Al o el
s s oL

QY] L gl ol sladie Dol (s o S5 02, Y 5705
Conlsiputs (613 ot (la 20l S S Cl J 6l s
sl & Dl s el S50 LT I K s Sl b g eny
3 S aed A3l K I e S S0 Coalibede ol
AL g Gl o5 ol ST G g s 50 535 cal s o sline
Sl s, Jl U5 L e s b gl SN
Gl il ol ST b (sl 5,5 eslizel LQR b 5 ks
S 5,8 oslisul Ol o w5 e cpslis dMC PID L3 51 J 28
Sl e PlodiS'J 287 iags opl 5o

Ay (SISl T ZMol 1) g 39St

25 1) e gladie 5 ST GunaSs 1) Sy s el )l Sl glias th

by B0 5, 50 LB

Al ) ey Sl eslizal b owe sladite 511 1 bope 1o Y o8

s 5 0,8 Ol LS Ol 4 1y bope (258 b e Ja X o

S b 0T Gl L Sl

Y5 sl 5K s um —Lx AT S 4]y SRS ke B
2 gk Dge > s plail sk P (e ol Taa 1

S b b 1y Ll 0S5 3 8 Y 68w by yolie

Aide gl Gl g3 e p dlis Gl s Bl dbd
INCEIRg

o B o sl Y

Gddbe e 1 Y 9 ) laams 2l dlas pl o
gap ol 31 Y] 55 o S5 oS i Gladide is) 53 (Joms
shls s Slapiaee 5o o gladde w1y metric
Slp S 9 (s S o el edd eslinal o;J;..f ;,.:.daéc.k;
S5 S eslizal b gl gy 03 o8 ol ) IS (ows (slads s
Oyt (SLd ¢ oo ladde  ahiol (6l s ol el iy ) LT
3 ook @Bl (dowe Gadie (o Sk 55 e S uaSE b
& e g oy s Ames Lad e s e T 4 SIS iy,
'“t“”T;J"-J:“'{l‘-;J"-J:‘:“f Lgb\;f;‘,.&@g\é;ﬂP* &b Je Ol g
23 53 e ade oY a3l eslial b e ool iy (55104
Wil 5 (V) ally o Wb e S5 56,5 b Jde ol bl
ki g el (glad Ll y3 o 5 p s (8(P, P) < bope(P7))
o s odiled Jowe ke &S5 03k a3 4T 355 00 513 63
53108 53 ey cnl 03 b (Jowe Jde Sl by Lol (V)
Fr B ess Gha B 0 el e sl e il OS
gap 5 syl Skl ululy o Gladie as sazme Sl (6l
ol ¢ Joea e sluws J';.Alf Sy romen .;:dea Ol metric
M 3 2l 4 S0 AT 5 g5 o0 ke e L AT 3L
3l Joe glade

By (STl T ZMof -1 ¥

i Gyl kT S n)fua aba>Me (A) dlasly 55 S5 L
B 26 o e p e 4 5 Sl s 6l SIS ko K b
a3 eslial b ST Jle ol el g P Sl (6,08 Hules s
8 55 T bope slie 4 by il (514655 aalllas 5 )50 (o tmlie
s 2Ol )5 ol kT b oS Y28 b 0yl
e sladie slaws &S 3Ly O oo ) 4z Gl eslial b ol by
o8 LRI i sl 1 s &K s Ol ) AR
ol i opl ol ows ladie ey J2alS 6l guaSs
Il Sd b g il 2 S o ) 5 015 o s ol s
PUS LY+ T g 4 IS e lie ol 5 28 5 K8
OOl iy 503y Sl $Sid o g L OT 55 4 358 0 43 5
el e S8 Gl T e 3505 1y a5l it
PID w5l J 257 Glags !l o3 31 Ol5or 8 55500 LS okd
5,5 eslizal . 5 IMC

037 ) & Sl o i ) e oL ST Sl 6
S S (b sl bope 2 S L blne Jowe ke 5 ot
Wyl oo a1y ol s ) omy S s g e 3l o3lizal 5 )50
Sbdbs i sy Ol 4 Ol o0 ) p—'w)ij‘ S eslamal b das e

Journal of Control, Vol. 11, No. 2, Summer 2017

RS Olls oY oyles V) tlor 287 Alme



o Gap Metric 5 auiw ¢ bl Skl e 68 dim (ladie ) 55 loes (Sadis 46 gazen (2l (gl it 23, 41,

S A dems (el (G4

ol &1, Lyl 5 (W) ddasly el Bslio Ok olas (6l p;(8) 2 0
u::})\ Jg“;”)l-"'@ a:)}Tj. b (Vo) A.Ea.l))é [ 9“:5}-" ‘5‘}{

s e ol 4o Do g |y SRagh pl 5o ol &1

Silwdads S -¥
I (6355 S e (R s5 0nl 53 alllas 3) 50 s
ol ol 5 Y] il eds als Ol Y IS 3 &S el MSD'
oedeie Lol il g o3y g,:,@?(.x; shlsmy o A Sl ol
jlmojl,pwaldl,- bas OY¥slre . Lzun

{x = A(@)x + BO)u

Y Cx (08

Q)}Jﬂghdbﬂaﬁ‘bTJJﬂ\f

O =[u®) x0O [uO HLO" )
T o s 5 S 50 4 s (S8 g i le 5 Sl
0 0 1 0 0
[ 0 0 0 1 ] [0]
A=|-fo B bk kgt |
my my my my m
ki _Uatk) by (hiby) o]
my my my J

my
c=[0 1 0 0]

—| Model Ns%»
Computation |
L] Model 2 of weight [™
functions

w i = Model 1

—_—
‘ Control 1
] . i u LPV y
Control 2 Design —0O
System

Control

x
L L
Control A -
| E—

Modified Nonlinear System

o ol s eds wlyl By el ) S

25l p3lie Ghls wtw Gla bl 4l My o4 355 e 84
L

by=b, =01, ky =1, ky =0.15, m, = 1 o)

)'lg;wl;;»)l?;MSDr:....:..uLglﬁSg el Ol ek a-U yiomen

Sy = {m;:0.5 <m,; <1.5}. (¥Y)
X1 x2
—> —>
ky ky
u m.
7 ™ b, : by
sy

> i e Y S

! Mass-Spring-Dashpot

oo BB o de gosme OLRSIIY ok 591

Sladde 5 1S oS B N 4 1) Sy b bl Sli slas ) o€
S M ={PL =10, NY 4 gaze 5 4l 55550 LS o 1) s
s

I, Bope = [bwi]Nx1 s A== [0 P], ., Seomsile Y o€
s S5

o slan 5 (b 5 L o &Sh (Ml 2, S Sl sl L Y o6

NXN

s 55X = A(6,)x + B(6,) (—Lx + 1) &0 0 |

4 gome Al N 4y 8y bl i (5l sds 0iSs b F (8
s LS5 1, M =Py, = 1,0, N} e Jous sladube

s Bope = [Bope ], 5 B = [Biy] = [8(PuB)],,y somile & o€
.A:AJJ:QJ

i=T1ams 38,8

X1

£=08 a3 I3V (;\f
.j:i+1.x:.m)lj5/\¢lf
;}LLJ-J)'le:U:.wH{jUijll).b_.,\?dl,ud,\,wﬁ‘ﬂ(\f
pre {Pk| min (gygj(&(Pm,Pk)))}
Aol

iy 3l ealial b1y 3 g g Aol oy 220 PT gl ) o

8* =ir;n"?é(j(6(}3*,13m))
ol s s ds 8w s j= T das 3 IKT 6 < e ST (8
o Y B 4 D)0
S b 1587 5P 58 08 Sleslizal L g =)= 1 das 15 0Y o
s J 3 dp 28 S1asS b 1)K Jows odiS'J 28 P (gl e
A(.\fy)uuumsl,s@,yd\ﬁ;,g.@ﬁvcf@,i:jq

05,5 Ganains ows sladie olos b S 1SS LumT 1y Sy ool 5 s,

FHGRTESPRUH g ST O L 4

Ny 5 ods 530 (dows Jdo Ny & (V) (s oS5l 55 L
Dot palr oS Y 28 (el okl (I b (oms o diS'J 2
u(t) = —Lx(t) + Xns, w; (DT () (%)
Jb elal g odds b oS J 28 T;(1) 0T 5o oS LT o Conds
t ab>d s el o Jbe b blze S5 GU w;i(t) 5 ol pll (s
SlaeliS I RS 5115055 (oS 5 pelr oS I RS (o Fond Dol

aasly Sy an Gl ol o

pi(t)

(t) = A\
@i(® N pi(6) v
903y r‘l &m Jde )L:S.G‘ =) Jial:.v pi(t) QT BE) "y J}JNLSA oslatwl

a5l

_(x(t)—xmi(t))_l}:(x(t)—xmi(t)) OA)

pit)=e
s eag ot GublsS e e T odaly cpl 5o el a6
o B e ol (6) 3 T ey S
Ll p 53 (08) il JAS 55 dOA) daly ool 4l

ol o sl S0 1y S o 2 pll Jowe 0128 28

Journal of Control, Vol. 11, No. 2, Summer 2017

RS Olls ¥ oyles V) tlor 287 Ales



Gap Metric 5 auiw g bl Skl e 68 L (ladie gy 55 Jlows (ladis 46 gazen (2l (6l it 25, 41, 4

S A dems (el (g

0.895

10 number 0.865
] 10 20 30

number

bope oo 3 (G) odd Dol ows (sladds Ol dhols F S

Pl oslu )h:-\,w Lc a.J...SdJ’.{ g@-f S35, Ls':l‘-'-:) ‘5‘}:
2 g;o\-.c o-\..fdj‘:.; .bﬁf@ )‘J; oslarwl Sy (K(S)ka‘l'%)
ol CM‘WL;‘J’ m1=1.09 BE ou\.AT g:,..w.bémdu\a u»l.w‘
&b 5 Sl i) 5 e diS U 2ST l p oaS (6l 50 0 0
RS PR abu;”..u‘}.-_)' 4y A
ITAE = [ tle(t)|dt (Y
5kp=0.53 Oy @ A-L.'{J‘,Lf ) o (Solag (abu\ Bl o
b Gl b et w0 S T e iy by =052
iy J}fhsd odaliv O Jgoi B WYY L .-\.hb‘-;a Olas 8j‘ 3959
befd}j)jw\w‘j(ml2109)‘54bdl>JJ(\i>M
omen ST b5, 456 10.7 S L) L 55% (E33VL ST L
.w\wﬁ»:&u)[)‘})}édﬁé:))}

4 T T T T T

‘ — — —reference 2‘

B . . , . . . , .
0 10 20 30 40 50 60 70 80 90
Time, (sec)

(my =1.09) b I s PS03 b :bJﬁ.‘z

v;m:..uQI)QT“.&fljboxfdf;f:)gk;w)ﬁélﬁdb

23 e 82505 $b2s 5 ¢S o sty Ciliiee i0lie 55 (19)
23 Golwand Gl amT e ol F g e 25 LI
S ph e edalie # IS 5o SEa LSl odd eols 0lis £ S
;Sl.\,-L.ub-&d:.\u;b@.fg_gA,),gM\ul}:MSD‘..:.‘.:.N
ol 3 Cpmmen ST JUs b 13 ot 0Lj 5 10% Sa3VL
S el o yied JB g Ol Sl J 55 63459 I -

ol 0l 0y QLIS Y J&.’Z}J @})55 S39,58 LSLIAUI:L;&&‘ Jles!

0.36
0.358
0.356
0.354
0.352

0.35
0.3481

30 346}

0.344

0 10 20 30
number

Q) s 6l Dot (s 5 () Jlowe sladile Ol dlsls ¥ S0

(cwly)

SlnT oie hi Yo 4 Sy eyl Ol 4 gduaSs b
o313 OLas ¥ S 53 Joes (sladits Ol alols 5 by acies (5000
Sads Ole ahols a5 55 o odalie & ol 53 CE3 Ll ol
S 5 e sladide (5553 S0l 4ty 0 081 4 s
I Sl 4 e ad (GOl wleT oS pslae Bk Il
b5 [Y8] s o )l o9 g 3l eslisul L L3 5 o o gladits
Sl s Js 0 Wl Olge bope y3lae Criff)}i <l
m; = {0.5,0.64,0.81,1.05,1.4} ,slis ;5 Jous gladde &5 355 0
St Olgs & bope Slie 085S S s T Sty
Gl dome (sladis 457 358 0 slgitn Jous Jdo B gl Sl
AT e Cwymy = {0.56,0.74,0.98,1.3} ;i
Sy on Jo ¢ 2ss ol 53 ok @l o) S (sl sl
Sl eslizal by 3,8 a5 a5 5550 bope (2SS 15 4 ekl
@ bopr e 0 S S s e b Dl ¢SS LQR i,

Sl Akl 53 e Sla g Sl Bl 0 GUST ;= 0.98 (151

5 L
0 0 1 0 0
q=| O 0 0 1 p=| 0
-1.02 1.02 -0.102 0.102{’ 1.02|
1 -1.15 0.1 -0.2 0

o R=1 5 Q=diag{[1111]} sl_mylb 35 ks L
Cowds K =[121 —0.02 1.81 0.91] &ojsr 4 I &Sds
o ows sladie Ols akpls 5 By oclis el la i AT e
RO PRT-PRPIITA B
b (oIl ST olie a5 555 o odalin ¥ S j5 Cds L
slyls & =A(0p)x + B(6,)(—Kx + &) ol C)Lal (e Sy
Sl s S oS Lzt Doy € [0.87  0.89] e35des 3 (¢ 0las
Ul s (5l 4w Loji Il by €[0.34 0.36] 3
ol e (sl e sladibe 4 gamn Dbl 02, S (51!
oy cpl 53 S LT o S my = 1.09 g 6l a0 (ol Jobs coks

Sz Sole e Sla s Sle

0 0 1 0 0
az| 0 0 0 1| g0
-092 092 —0.09 0.09 0.92
1 -115 01 -02 0

Journal of Control, Vol. 11, No. 2, Summer 2017

RS Olls oY oyles V) tlor 287 Alme



v Gap Metric 5 auiw ¢ bl Skl e 68 dim (ladie ) 55 loes (Sadis 46 gazen (2l (gl it 23, 41,

S A dems (el (G4

e ds gz Ol ¢ iagn ol 53 el LOT Canys oS 5
sl ol éb S L‘:a]aé(-.\r— shls L= ‘_;L&M &y o
e e Gade Sl gl g s Sas b (g clal) ras 5o
e (slade sl alST (gl ummen oSl o @11 ILL
Gsbie opl Gy el 0dd B ma ALt (5L akuT el ol
53355 oslizal Sl KA b i, Sl 4T Sl ok slgiiy
Shre Olge 4 Jow sadde ol alklT el ol e
@ ol (Giluand 4 gl Ll ol é\) osliinl 550 (Ghuaiwd
5 oo ladds a5 gl 56 Mol gy 45T s e 0L
S UES e §3305 b3 Sl s Slvlows [EER
b o3l 503 51 0ly oo aadl & sl ot 1 b IS ol
e Sl s b 0diSTJ ST as sazes 13 gad esliiul

AR o e |y (doms Glade sluas 2alS 5 Lol

&l

[1] R. Murray-Smith and T. Johansen, Multiple-
Model Approaches to Nonlinear Modelling and
Control, Taylor & Francis, 1997.

[2] M. Rewienski and J. White, “A trajectory
piecewise-linear approach to model order
reduction and fast simulation of nonlinear circuits
and micromachined devices,” IEEE Transactions
on Computer-Aided Design of Integrated Circuits
and Systems, vol. 22, no. 2, pp. 155-170, 2003.

[3] M. Rewienski and J. White, “Model order
reduction for nonlinear dynamical systems based
on trajectory piecewise-linear approximations,”
Linear Algebra and its Applications, vol. 415, pp.
426-454, 2006.

[4] L. Chen and F. Liu, “Recursive parameter
identification for fermentation processes with the
multiple model technique,” Applied Mathematical
Modelling, vol. 36, pp. 2275-2285, 2012.

[5] G. Angelis, System Analysis, Modelling and
Control with Polytopic Linear Models, PHD
Thesis, Eindhoven University of Technology,
Eindhoven, 2001.

[6] W. Chen, J. Sun, C. Chen, and J. Chen, “Adaptive
control of a class of nonlinear systems using
multiple models with smooth controller,”
International Journal of Robust and Nonlinear
Control, 2013.

[7] J. Du and T.A. Johansen, “Integrated multimodel
control of nonlinear systems based on gap metric
and stability margin,” Industrial & Engineering
Chemistry Research, vol. 53, no. 24, pp. 10206-
10215, 2014.

[8] J. Du, C. Song, and P. Li, “Multilinear model
control of Hammerstein-like systems based on an
included angle dividing method and the MLD-
MPC  strategy,” Industrial & Engineering
Chemistry Research, vol. 48, no. 8, pp. 3934-

2als l.; S3919 JL&:}‘} r.“....‘:.: A:JU B —0.5 4.l L &5,}J> UZU.;F‘
ot Jlasl e 4 1 Y0 36,503

4 . .

— — —reference X,

0 10 20 30 40 50 60 70 80 90
Time, (sec)

(05 <my S L5)my (il polie gl e o 63555 b2 # S

4 - T T T T

3 | I [ —
a — — —reference
=27 i

)

1+ g
< N —

0 . . . .

0 10 20 30 40 50

Time, (sec)

my el polie gly s s G Sl s v S
(0.5<m; <15)

il p3le gl Alazel Jlesl e f 5 00 g o Sl 2
odd b oSS 4 54 e edalin el odd cwy My
L plazel 31 (S oS S5V L5 ool Olej ke 3 Sl a2l 5
wa@adelgﬂgaj)jw.ﬂcb&?g
51 oslimal boodd b oS 18T O jopl A a Ol 5 035
(e G pendS DUST 3 Rl opl o edd &L ;v—"w}ﬁ‘
K G s Sl Sl 03l @1 1) lie 3 Shas dtaail
3 @l S8 &S Cnl U eSS b gl o
Seb dm g Sl C)“Y ny L;J.i!; &S5 syl Slloes = Sels
oS U S Sl Sl odd b eSS Sol
sl 0313 1y pwlis 5 Shas J2a 53 cpl 5 ol 451, LQR+PI

S5 4o -0

5 Saliode b dblie sl e Bgy 68 lade S
IS sl sy Sl ealinal LI 3a) ol ol 02 O35y ot 8
o oyl Ol 53 Conlin (55150 & (o Glaptuen 2
5 e ladie e DBl syl 53 S5 o e Dol

Journal of Control, Vol. 11, No. 2, Summer 2017

RS Olls ¥ oyles V) tlor 287 Ales



Gap Metric 5 auiw g bl Skl e 68 L (ladie gy 55 Jlows (ladis 46 gazen (2l (6l it 25, 41, A

S A dems (el (g

reduced dimension by the Loop Shaping Design
Procedure and decomposition based on Laguerre
functions,” Transactions of the Institute of
Measurement and Control, pp. 1-25, 2015.

[22] A.A. Haj Salah, T. Garna J. Ragot, and H.
Messaoud, “Transition and control of nonlinear
systems by combining the loop shaping design
procedure and the gap metric theory,”
Transactions of the Institute of Measurement and
Control, pp. 1-17, 2015.

[23] O. Galan, J.A. Romagnoli, A. Palazoglu, and Y.
Arkun, “Gap metric concept and implications for
multilinear model-based controller  design,”
Industrial & Engineering Chemistry Research, vol.
42 pp. 2189-2197, 2003.

[24]W. Tan, HJ. Marquez, T. Chen, and J. Liu,
“Multimodel analysis and controller design for
nonlinear processes,” Computers & Chemical
Engineering, vol. 28, pp. 2667-2675, 2004.

[25] X.R. Li, “Multiple-model estimation with variable
structure: some theoretical considerations,” in
Proceedings of the 33rd IEEE Conference on
Decision and Control, vol.2, pp. 1199-1204, 1994.

[26]J. Du, C. Song, and P. Li, “Application of gap
metric to model bank determination in multilinear
model approach,” Journal of Process Control, vol.
19, no. 2, pp. 231-240, 2009.

[27]J. Du, C. Song, Y. Yao, and P. Li, “Multilinear
model decomposition of mimo nonlinear systems
and its implication for multilinear model-based
control,” Journal of Process Control, vol. 23, no.
3, pp. 271-281, 2013.

[28] J. Du, C. Song, and P. Li, “Multimodel control of
nonlinear systems: An integrated design procedure
based on gap metric and H, loop shaping,”
Industrial & Engineering Chemistry Research, vol.
51, no. 9, pp. 3722-3731, 2012.

[29] H. Mahdianfar, S. Ozgoli, and H.R. Momeni,
“Robust multiple model adaptive control:
Modified using v-gap metric,” International
Journal of Robust and Nonlinear Control, vol. 21,
pp. 2027-2063, 2011.

[30] A. El-Sakkary, “The gap metric: Robustness of
stabilization of feedback systems,” IEEE
Transactions on Automatic Control, vol. 30, pp.
240-247, 1985.

[31]1 K. Zhou and J.C. Doyle, Essentials of Robust
Control, Prentice Hall, 1998.

[32] J. Du and T.A. Johansen, “Integrated multilinear
model predictive control of nonlinear systems
based on gap metric,” Industrial & Engineering
Chemistry Research, vol. 54, pp. 6002-6011,
2015.

[33] X. Tao, D. Li, Y. Wang, N. Li, and S. Li, “Gap
metric based multiple model predictive control
with polyhedral stability region,” Industrial &
Engineering Chemistry Research, 2015.

3943, 20009.

[9] A.A. Jalali and H. Golmohammad, “An optimal
multiple-model strategy to design a controller for
nonlinear processes: A boiler-turbine unit,”
Computers & Chemical Engineering, vol. 46, pp.
48-58, 2012.

[10] L. Ozkan and M.V. Kothare, “Stability analysis of
a multi-model predictive control algorithm with
application to control of chemical reactors,”
Journal of Process Control, vol. 16, no. 2, pp. 81-
90, 2006.

[11]1 K.S. Narendra and A.M. Annaswamy, Stable
Adaptive Systems, Dover Publications, 2012.

[12] K.S. Narendra and Z. Han, “The changing face of
adaptive control: The use of multiple models,”
Annual Reviews in Control, vol. 35, no. 1, pp. 1-
12, 2011.

[13]1 K.S. Narendra and H. Zhuo, “Location of models
in multiple-model based adaptive control for
improved performance,” in American Control
Conference (ACC), pp. 117-122, 2010.

[141K.S. Narendra and H. Zhuo, “Discrete-time
adaptive control wusing multiple models,” in
American Control Conference (ACC), pp. 2921-
2926, 2011.

[15] Y.Y. Guo and B. Jiang, “Multiple model-based
adaptive reconfiguration control for actuator
fault,” Acta Automatica Sinica, vol. 35, pp. 1452-
1458, 20009.

[16] R. Hallouzi, Multiple-Model Based Diagnosis for
Adaptive Fault-Tolerant Control, PHD Thesis,
Mechanical Maritime and Materials Engineering,
Delft University of Technology, Netherlands,
2008.

[17]N. Meskin, E. Naderi, and K. Khorasani, “A
multiple model-based approach for fault diagnosis
of jet engines,” IEEE Transactions on Control
Systems Technology, vol. 21, pp. 254-262, 2013.

[18] M. Rodrigues, M. Sahnoun, D. Theilliol, and J.C.
Ponsart, “Sensor fault detection and isolation filter
for polytopic LPV systems: A winding machine
application,” Journal of Process Control, vol. 23,
no. 6, pp. 805-816, 2013.

[19] S.M. Kargar, K. Salahshoor, and M.J.
Yazdanpanah, “Integrated nonlinear model
predictive fault tolerant control and multiple
model based fault detection and diagnosis,”
Chemical Engineering Research and Design, vol.
92, no. 2, pp. 340-349, 2014.

[20] C. Song, B. Wu, J. Zhao, and P. Li, “An integrated
state space partition and optimal control method of
multi-model for nonlinear systems based on
hybrid systems,” Journal of Process Control, vol.
25, pp. 59-69, 2015.

[21] A.A. Haj Salah, T. Garna J. Ragot, and H.
Messaoud, “Synthesis of a robust controller with

Journal of Control, Vol. 11, No. 2, Summer 2017

RS Olls oY oyles V) tlor 287 Alme



J RS dome
ISSN (print) 2008-8345
ISSN (online) 2538-3752

A=Yt ATAF Dliasls oY 0ylad V) o

st 5

mo-—un-—

Dwgw Sl L adi (S 5ok b o Sloinly SBE! > Kaligh J U5 drwgd
S 95w g a0 (S5 Lo 50
V&ﬂdwm“@w‘m
maslani@mail Kntu.ac.ir « o sb Wl oz axl 5 gnis oKils GIS wtigo oy 5

Mesgari@KNtU.aC.ir ¢ o sb cp i na axl s s oKl ¢ G150 Sl (5555 owitige ke a3 GIS wiiga oS Ll

OYAF/PNF las 2oy 5,6 AYAZ/Y/FS lie 3L s 5o )

e S S SIS e JAS 61 s (Sop Al s R ST 5 0T (g 53 5 Lassa s sl 03355, el 31 oy

5ok by o Syl o571y (5 ST s B ooy oy Gy b Tk ABL o G5 agy U257 (5lpr bl by el 03,87 sl
5B SN el sl Slplr Wl m5 5 5 dadr SRS Sl G ool S a5 bl cpl 53 bl S pe g ) Sl
Ceoly ol ed 3503 1 (a2 ) &5 Sl (5Lb 5 (6,8 el 5 (5,50 4 5L B (S 0L wl Ly aletaly Sl Ak J Sl
Jm ol G Ooda il oy L6 e (6555 e 6Ldb 1) (bile i 6l (e ) 255 50k gl Ut & 355 0
wl olataly Gagl g dadsn J 28 wnn 5 Ol g o 1y ol Gaions (6557 55 linly o 3 ol 50, 3805 Soo 80315 87 s s il (0
et gl OVl i Cald ) d gy Sl 8 (6,8 5k 5 jed Sl glid B35 S5 Al o 6l g Sl 58 6,8 5L
G 10T 5 Shes 5 5luosly 35 &S LIl sl Koo 5Q (6,8 5L o) 55 (i Jlzel 5 glatens Gl (gl 53 LS o o3lizl 0T i35
Q 55k 5 sl- Khae 5y 53 b awlie 53 i 0l3 1Y 5708 28l @ e (o3l Sy o A oo OLE gl ks gl (oolgtiy

255

WS 5 S Sy o J S 5 L ot a4 b eoli— Shee Q (6,8 5k et s o 55 (5,5 3L (SlS” ilods”

Developing Adaptive Traffic Signal Controller based on
Continuous Reinforcment Learning in a Microscopic Traffic
Environment

Mohammad Aslani, Mohammad Saadi Mesgari

Abstract: The daily increase of a number of vehicles in big cities poses a serious challenge to
efficient traffic control. The suitable approach for optimum traffic control should be adaptive in
order to successfully content with the urban traffic that has the dynamic and complex nature. Within
such a context, the major focus of this research is developing a method for adaptive and distributed
traffic signal control based on reinforcement learning (RL). RL as a promising approach for
generating, evaluating, and improving traffic signal decision-making solutions is beneficial and
synergetic. RL-embedded traffic signal controller has the capability to learn through experience by
dynamically interacting with the traffic environment in order to reach its goals. Traffic signal
control often requires dealing with continuous state defined by means of continuous variables.
Conventional RL methods do not scale well to problems with continuous state space or very large
state space because they require storing distinct estimations of each state value in lookup tables. The
contribution of the present research is developing adaptive traffic signal controllers based on
continuous state RL for handling the big state space challenge arises in traffic control. The
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performance of the proposed method is compared with Q-learning and actor-critic and the results

reveal that the proposed method outperforms others.

Keywords: Continuous State Reinforcement Learning, Q-Learning, Actor-Critic, Microscopic

Traffic Control.
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Z—Current zone of the vehicle
TL« Turning lane

V<«Current speed of the vehicle
Vp« Desired speed of the driver
L« Current driving lane

If (Z==1)

V'«-calculate the future speed of the vehicle in the desired driving lane

If (|V'-VD|<|V-VD])

If (there is enough gap in the desired driving lane)

Change the driving lane

Endif
Endif
Endif
If (Z==2)
If (TL<>L)
If (there is enough gap in the desired driving lane)
Change the driving lane
Endif
Endif
Endif
If (Z==3)
If(TL<>L)
If (there is enough gap in the desired driving lane)
Change the driving lane
Elseif
Decrease the speed by using normal deceleration
Endif
Endif
Endif
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Stabilization of Nonlinear Polynomial Systems Subject to System Noise and
Quantization Distortion

Alireza Farhadi

Abstract: This paper is concerned with the stability of nonlinear polynomial dynamic systems
subject to system noise when transmission from sensor to controller is via the digital noiseless
channel. A stabilizing technique consisting of an encoder, decoder and a controller is presented for
almost sure asymptotic bounded stability of nonlinear polynomial systems subject to system noise
over the digital noiseless channel. In the absence of system noise it is shown that the proposed
stabilizing technique results in asymptotic stability. The satisfactory performance of the proposed
technique for almost sure asymptotic bounded stability and asymptotic stability of a polynomial
dynamic system over the digital noiseless channel is illustrated using computer simulations.

Keywords: Networked control system, Polynomial nonlinear system, Digital noiseless channel
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Design and Control of a Coreless Axial Flux Permanent Magnet
Synchronous Generator to Extract the Maximum Power from the
Variable Speed Wind Turbine

Ali Daghigh, Mahnaz Ebrahimi, Hamid Javadi

Abstract: This paper presents design and control of a coreless axial flux permanent magnet
synchronous generator for variable speed wind turbine application. The effect of design main
parameters variation on the active material cost of the generator and its performance characteristics
are investigated using sensitivity analysis, and the proper values of design parameters are chosen.
The generator is modeled with 3-D Finite Element Method (FEM) and the validity of the design is
evaluated. In the control method, the optimum torque values for different wind speeds are
calculated to extract the maximum power from the variable speed wind turbine. In order to accurate
modeling of the system and direct connection of the generator model in FEM to control system in
Matlab-Simulink, the simplorer software is used. Using this software and the real model of the
generator in FEM, are lead to more accurate results. The results show that the control system tracks
the generator maximum power point with good dynamic response.

Keywords: Axial Flux Permanent Magnet Synchronous Generator, wind turbine, coreless,
Maximum power point tracking, Finite Element Method.
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Partial State Feedback Control for Trajectory Tracking of
Underactuated Autonomous Underwater Vehicle by Using Neural
Adaptive Dynamic Surface Control

Sanaz Faghih, Khoshnam Shojaei

Abstract: In this paper, the trajectory tracking control of underactuated autonomous underwater
vehicle without measuring velocity in three-dimensional space and in the presence of unknown
disturbances caused by waves and ocean currents is studied based on dynamic surface control for the
first time. In order to estimate parametric uncertainties with underwater vehicle dynamic model,
radial basis function neural network approximation technique has been proposed. Also, the output
feedback control problem is resolved by employing a high-gain observer to estimate the required
unmeasurable states. The stability of the proposed controller is investigated by an analysis based on
Lyapunov theory and uniform ultimate boundedness stability of states and convergence of tracking
errors to a small bound around the origin are guaranteed. Finally, the tracking performance of the
proposed control scheme has been verified via computer simulations.

Keywords: Autonomous underwater vehicle, dynamic surface control, high-gain observer,
Lyapunov stability, radial basis function neural network
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Design and Fabrication of a Four-path Ultrasonic Flowmeter using
the Time-difference Method

Mohammad Orvatinia, Abbas Gharibi

Abstract: A four-path ultrasonic flow meter was designed and fabricated by using of ultrasonic
transmitter/receivers on an 8-inch pipe. By passing fluid through the flowmeter at a controlled rate,
the velocity was measured in different layers using the time-difference method. Fluid flow rate was
estimated by Gauss-Legendre numerical integration method and applying of the engineering
approximation. By comparison of the results with the actual measurement done by a calibrated
reference flow meter, the accuracy of the system was tested at various flow rates. It also was
compared with the measurement of an equivalent one-path ultrasonic flowmeter, and the
measurement errors were calculated. The test result represented that, the average error of
measurement is less than 3% at the speeds of 0.5 m/s and more. The average error was more than
15% at the speeds below 0.3 m/s. The measurement error of the one-path flowmeter was 20% more
than that of four path one.

Keywords: flow meter, ultrasonic, time difference method, method of Gauss-Legendre.

o sb i | s o8N gt J ST e a5 -0 1 385 31 5 ST Oledige ezl o 257 ale B (555 Lemee 1L Sl 0dge olis 5


mailto:a.gharibi@nioc-iotc.com

S}LAJ'J.’!U:Juij)jluu;.ﬂllfaw)%by\jé@d&:ngue:\:.é;fljb Y4

s ol S (G s

i Slple e &85 b Slapz 53 5 Do Al et
Ly A

Sllas GE ol Sk ar g JB Slpslo 4 ar g L L8
650 sdes OB WS Copme I b glesysl s e 5 636
Sl i o ol oyl b 51 Ll o [V]sl e bagie o
sieban JSan i o Glag o LS 53 ()l DB ST el
o3 sy M sh e e 508 565 Lk mlo ol
23 s BB e e (Sl B s W o
Coal il ails T Slizte 5 58 (s Slyslo 5 Jlasl laay 5
T I O e A
Ls e &S g5 S Dpolp e (2 S Sl H1b
T @3 2050 03 SNl o S 5008 s s e
o3 S otali Jos 1S o s i

Sl 23 6 Sl 5 b Sl Gl ol 0
se3s 558 55 5b el gl L ol rt,,.;‘.»f@m,uw)%
Sl g s Ml Sua Gl 4 J e (5l palenl €3I LS il
Calo 5 b aalsl)s 548 e 03,57 ol b gla T s
Syl p de 755 Sler ) ealinell alsh o s Dl i (03 &K
o580 BIF I I3 ol A P Kl s GG s S
Ol 53,5 bl o o e & (5l o5y b s Al o
by o OT (65 o501 85 bl bl J =87 BB ey b Jlw
Sy gdos awlie opl WLl ol awslin Lﬁc;w&} rle Cés
U5 oo OT lalp 45 6AST o abntin 1) gt ) (6,5,
ol 0 e S5 5T Jom 283 il 5 il ang 6l S
Jlo Ok 2 Ols dlons &l (e Slos 85 (6,85 a0
Ol 65501 OC Wl b g arwlons ig, WE oS> ool
o G ol 3l ol Sl 4 4 Bl 35 o 28l K e e
2358 e S35 15 g (Gl aig w plS) (gm -l e 55 Ol
S 015 (o |y Golosd o el 1 Jool (las ) sl s 5
13 g0 a2 5

2o M D50l a3 6 los Zotla s ()b -
Sl ol sl

dnloes Gl gwdige oy, & 1 oslitwl Lo oy —0
S (ly Sae L 0T awlie 5 o5 dlw Oz Olj 5 Co
sl 8Ll L s o8 ol G P T by

A el et s g e Slets)

dodo -

228 Sl Jl B ) e (S5l AT) S pl 3 sl o0
o s OT whe Sy pe (od gtﬁ;@'a‘,},ydwéu
Sl s @ bgtegs ol Sl Jo 53 b @58
5 ol €3 LT i caly O3 (6,8 o311 (b i 1 (gadae
S oI gy Gt an B 4 0 s b s Kos 3l
S s a4 ¢Sl pe 5 Sk [V-Ylsl o YL 0L~
O el ol T e S5 5 K (S SO i
Ll &S e b 5 gl p plaal o S a0
Jow b & 1) Spolp e Il bt o5 pl 1 eslizul ¢l
i ol b b 1S 0 33 8 on S350 OT el 5 03503 G0 5
b S g atsly oS e 5 55000 (Bl =lel Dliadeia
Jlwr &8 o o O3 g0 Dl (68 o5 b 5 s
Ol g ghie sl O35 Sub Sjpw 53 3500 amlns )
chin w53 o bl b g e Jle ((22)0L 2
[FluT s

5"’“‘55 Ei%S) yu: 3 S A 93 4 Dgol b Lgbs@.ﬂdp
S Sl s 1 Jgl amas GLACL.A:&; O sl [0 o sy
AU S &5 e 0 5L L e S (B3 e S5 0T
B Sl b D3 sl Jl L T Sl eslinad gl S 0 o
& Céy oS Sl Uac;.»v;; ol L S Cl_,nl ol 3L
0903 G T30 S o o ol pd s Ais ol LU
B op ol L DVl (gl 5 S o T S ot Sl Lo
Opmer 6,3 bl S 55 Shs s [O]kes eslisd
Sl odd el 6,5 ol s Oliabl Clkb s olul
Sl Slagtacs 53 (ol g 3,50 Sl SO Slagie s
3 T izt 56 5 b 0 ges 500 b SV 0L 2 6,8

b Y grame O U8 s pae 5 08 S W 5 (oolassl Slae
st & A5 5 G U Sl ot Sl 8 5 S O e 55
Slp Mo 30 g adsn oL 5 Olebl LB 28 515
SVsbe a5 BB o 3L O (55 05101 (Slapi OB 5L
3o Slp (Sl 4o a2 OT Uiy 4 5y Cad 5 Ol >
S B, Gl QUL s S e iy a5 1y Jiley ol Sds
S8 3y Jolse 3 S I Bl a5 slerssts 5 eyl
253 03,3 ol dl 55 el 039 (glaptins i 6,5 o5l
Geioss 3 ol D50l 3 Sl s 3 4 b o Dl 3 ST S5
Sl S5 a3 [Fls alsl Olomas 3yse ol 53 Shash s
e 5 De oS 58 sl (SO 58 Hlas lagie o
S OIS s 4y I cdimd 2353 05T o oS YL

O 6l T 5l ealizal (oS e SIS ol ot 2805 5 Ol e

Journal of Control, Vol. 11, No. 2, Summer 2017

YA Gl oY oylad V)l ¢J =57 alons



ov S;Lﬁijj}).}lalm‘l{aﬂﬂ)%;)%‘ﬁ@aﬂ&ingue}\ﬁ:}f‘jb

s ol il (G s

5 0T 53 o Lz )b glio &85 0 Shae Solu o2 de G
Il el Sl p s 05,8 5 3 S e S Y S S e
33 Jl St oS s oo OLis SVl &S o iy 358 8 (5,5
b Ay S e 0o diky Slte 51T S8 ilas 5 0355 b S
oIl o sl 05V s [l e OT &y )3 i S
Vg Lo 50 S 4y gl 5 ol b 5l o 5l o (5,8
0355 pdy Ol (S ole 4 Lo g0 s dmslons wilinlie 358 s
Glos 55l o 5 A 5 b GleS n i il ilse 4 s
(Laminar Flow)el,T ol 2 53 Jis Olge & [V+]50 Ko Lo
Sy A5 S 51 Aol 4 g &l gl plade 3 b L da

[VIewt 55
v(r)=V,, [1—(r/ R)z] ™

sl A e 53 oy ditis Vina 5 A gl R OT 55 o
3> &S uﬂ’ 33 ol Vel Vayg =Y Il ol s S 54 & ol
Ay S e 51 Aol b Csw alaly (Turbulent Flow) aiaT ol >
oS 4 idT 0L 4 plT 0L 51,08 [l F ey &) e
Olaiein 4 &gly 3o ol 3503 (Ko Sl g5 34 ol day O35k
Slasein 059 Sslite 4 a5 b .ol | 2es Jsb 5 0T Sy cJls
g5 % 5 sl ol T 0L s 6l p3Y S cCaliies DY L
s dal g S Jw

v(r)=V,_ [1-(r/R)" (o)

S ) ol ol W gy 308 4 desly Sub gae N 0T 3 oS

alos 5 Sslo 4 10 a8 s Iy (Koo N 4 5 VinadVay

W]
Vavg 1
, ~_ i)
T >
0 I /
1
1
Gl
Vavg 1
1
r u(r)
I !
0 [}
[}
—1

(D)5 pLT ok (G Sl s 0555 VL 0L 2 5 Y JS

0 ot S5 gl b i 23 6 (slai =) IS

S Flo =Y

S 5 1) B s Sl IS L

VS s Gl s gl o S i g sled
PR VS P S KW P CN PR G- ] I TIGION PRV PR W
Gl g ool 3 e LS 53 cdias gl b o S0 dinn b
Gl bl ok 0313 OLES B 5 A oy gy JSK5 55 45 55 0 4 Jlws
b sl 3 (o g 30 31250 i b S A S o) Sl plo
S ool ) &S on )l B ok 18 v a5 A 5 1) S s
o My gl S 5 08 3L 53 B o8 Lo Ul Sl 500
el s 4l 5o 5 5y el Sl Lo 0550 ge alals S
A gk S o g e Ll 53 5 0 Sl S o
)A.J.i\{dﬁi:nul:lggjm@ydtgiJQTef__ﬂ‘\fuﬁ@
3058 Jlsl A G 4 Shlize 5 5 1y zlsal B Uik ey o e
@LU'A.Lp\éj'l;,.MIQ)[::«JLL:Hij.a‘,&d&\iﬁA);QTéﬂL’
52 0T blne ol 5 ol 3 g odd W5 7 ge 5l ab S5
s o b3 0k, S Ly oS ol e

o &S o S 4 Jlw J&15 5 s Sy ST 1T
035 Sglie S i85 iy by e Olej ol ol 35l SKiew
Syhor dralos ) g s

D D

tppm—————  fa=————— ()
B2 uesin(0) -V A28 uesin(g) +V

éffﬁ&ﬂV}Qﬂ\)C\y‘C&fﬂU ;45}5}145D [)T)A‘\f
5 Sdy S Sl Ol ) el Sl eslimel bbb e b
g el 5O g LS
A%

(u-sin(@)) -V? v

T =lga—lhp=

OT 53 o8 ol Gloj Jols slagmin 03 5 Shos (gl ala)
B s A cladds 6,8 415 o 5 4 slul ozils 5 T (6,8 o511 L
JJLG."' u;)) )Ajl.@{bjga& LS‘_}" -\iw@ Mbu b JL:.A C,.&f.u

el sl Glae el S35 58 Ol Sl ole b b Sl

Journal of Control, Vol. 11, No.2y, Summer 2017

AP Olsls ¥ ojled V) tlor 287 Alee



S}LAJ'J.’!U:Juij)jluu;.ﬂllfaw)%by\jé@d&:ngue:\:.é;fljb OA

s ol S (G s

Q=["2VR* —r*v(nyar
= [ 2R*1-(r/R)? xV (n)d(r/R)

G35 » oby Slles plowl 5 X=R e ot L ,8G) 6,

W)

Clin o5 Do 1 OT 50 Juld 5 dsle Ol5 e V abolae

VY13 505 Joots 51— o S 2s) & oute 6,8 ISl

Q=[2R*V1-x* xV (xR)dx @

Jow S 0L Ol5 o dbg e o dlasl b gt )2

) B ) gy gl Gl gl A 0555Q o
N

Q=D W, xV(r) 00
i1

e alols el aY jsodd 6,8 o5lul e V() OT s oS
EERY 51-_,5.7 6\/4}‘:; Sy 6UMJ_Y sl N el 45‘5] ;Ja)‘ ri

AT o Gy o sl 51 S ditean (o308 J1 K5l G55 3o W,

W, = 2R%,/1-x* x A an

v (-\iA.:.USQMICHJ.x,,«b.@‘_}mxizri/R,?'-uk{b);
il s LA s (K N w5 03 Pa(X) e N 45,0 5003
S dmas Ll s eode 6,8 IR ey 4 b e Sl
23 53 dsder Do par (2Bl Ll el 3de Dlloe wleys
Sl C)"}! ©3de o & ol Sl eslamal ol [VW] dmea u jzes
dowe dd oylal yglailes 358 (5,8 o3Il Y N s Jlw S
i s pse 30 (5,5 IS 0ny S bl 5 0355 ol s Law Y
35 o
(MU= 6 s dior gxin 23 (53w 03y (gl (Sl 1+ dslans
LU slaas 4 559 5o 5 b eae Ol .l e O ) 52 Path)
Sl s ra) 5 eds Lakde sy elul 5 Coal atals
G5 Il By il i W s Sl 4 s NPT o S

gl iy )l Ol ot S5 4 )3 5 Cs e

e Jlgr ol aasd b s (slgiy T
j‘\k)}f@)}g_ﬁ‘ﬁ}l{ju\nﬁwd\;:é)ﬁ\ Jad= (IN=4)
4 by Olwbee DL ol 03500 jaeia ly B o @ ol
6‘f¢:u\.~:‘}:‘sﬁ u\uw‘ge.)yg:wﬂ CJL, J}b Jiéu.au:.d
..&54:;—1,&[?5\?]419}.‘,&

dﬂdﬁbﬁ;ﬂuuﬂ@}j\ﬂb):dp&:wwéu
ba¥ oS5l e dbw Ol K i 0 ¥ IS8 s |
2 Q)}..a_:b Lb)\:)\j.; d}jﬁf}‘fﬂ\lﬁolﬁ)bf dr Cwles

g(r) = D(r)xV(r) ®)

D(r)}asﬁ#J)yQYJJJL_ANJa.»}:AMﬂV(T) QT)JA{

T o ey 5 bl oy oS Sl Y 5 e

D(r) = 24R?* —r? *)

3 638 o (03 cpbie o JS7 550 sl 51 6, U1

3 g o e 4

Q= q(r)dr =] D(rV (r)dr ¥

o o= d g il slas ¥ S

(.)Y (s Oy 5 Jhw Hse Cf dewloes (51 Valslas ol

ol 5> atn oo - sba¥ gl sl 53 V(N s Sl
& ba¥ sl i Sl 53 5 5d 5/_55)\43\ Ay S e 5l Calises
Jo oy S o San st Jer 53 el ol GRS 5 ed Sl
23 8 ol pdign Slas Sl ealizel S ol ) 6l Jes
Slgdsy 3 eslitul b g 63 ge5 Szl ) LY 1 (63 5de slins OT
Gy 1y By e & K55 (gl ams g3de S JIS!
.g;...u\w}\f&j)t&}&&ﬁd‘ﬁ‘é‘ﬁgﬂb&)} .-‘J’)}T‘SA
e oS ol BB 3l G5 L e IS 0T
uij) LI Lg)‘gTJli 4 ()Y "\"‘)6‘ u:.o.:eﬁ g.l.j:\f ails b R
A s wb S oSn bl o sl e gl sl
o Lls sl Wb 55 6,8 ISl o3l Cnteen Sl 4l s

R N ) Doz LY dsles 5 aelsl (gl VYL

Journal of Control, Vol. 11, No. 2, Summer 2017

YA Gl oY oylad V)l ¢J =57 alons



04 @bjy&;ubj)jla:u;“ll{aw)%ayl}@d&:Lg)'Laa:L_gv,fI}lg

2 e B G e

G 834 6,5 JIEEN s 5 b K SIS oie ) Uik

b ¥ gl bl s

G305 3 (13 p 35 (O 0 sz D gl b i 03 Sl 1 -F IS

okl sl

Sy sade 6,8 DKL gl Ko S Cndge Y Jsdr

A 53 B ¥ gl il s

aYosles (OREPESS R LTI
1 0.8611363R 0.3536808R?
2 0.3399810R 1.2265968R?
3 -0.3399810R 1.2265968R?
4 -0.8611363R 0.3536808R?

Y old () A S 0 5l adole Wi (555 b
1 8.7491448 0.003650891
2 3.454207 0.012661619
3 -3.454207 0.012661619
4 -8.749145 0.003650891

b s dlle & odd e g 03 ee 23T 6l

235 a5 0T (mly e of e 4 Slalor STl Hloped S 4l
il ¢S s wilol ol Sl 0 03,57 -0 5 L0 e S
(g G 0D D G S el OT 25 5
Sy ;.;T 3 eslimal (el jgmee T el Jlw JJ:SJ_J»
PVEY ‘rf ;JJ.NT} 'y ;:b Jo b om0 s
prn S g 5 M sle OS5 anl (sleal s Leaa T
gl SISe 58 @ e G ddl ) > L (o
Tesd ol 8 55 ks sl e Sler meos b s
LF4-S3 (ool ol b (G025 8 5l ol oslinud e o
S E el sl e Smith MeterTM  &S™ 5 J uame PRIME

g5 o) Al NV ama ol (558 631 285 0T (0 gl IS

e 03 Jbw 3V s 53 ) Ul palie (6,100 b
Lr ol J{‘ﬁ 0 _yrnd J%

Q = R2[0.3536808V (1) +1.2265968 V (r,)
+1.2265968V (r,) + 0.3536808V (, )]

(SAD)

los 5 g dilol > b ¥

S S it 3 e w1 (g Sle i lzel i o

5 (Y/PYem) ol A ) oSG oslinal b s B gl b i 0
J pams OPTISONIC 6300. ¢ 5551 (s, &gl b Jn 755 e
& & 4l KROHNE Messtechnik GmbH & Co &S )4
Aoy slod V0]l 03,57 S K5 D 53 ) Sl Sl
Llod Ul os & G F S 53 0T gea ol o 4 0l sl
Aol o Lhis ol O N J gt ol ozl g b (35 5a5
b Slp asi dmls Y Gille A G Sl S e
Sildges Last Glgile) o 5 6,8 o3l shaia 4 E51s Sl
SVl > S gl b el S L oS S|z (Sl 23V ol
Aal g ol oS Hl Yo/rYEM &8 &S5 s OT Hlast Ol 030 VU Hlws
b ol sl ets el ASLST Lls s [\
OVt b /00 (8 oI S8 4y Oy soite & o o
S 3yl rj\i S opl Al /Y pS sgde 5 e BB Sl
C33 O 5 s ilNS i 45 0 SIA/D ()13 5 4 ged Sloj Jool 8
2 edd Jize Spwld gl S8 5 S8, Oles SN b
Je e S0 g1y 038 0 il S o b s b L 4
I 5,8 Ol by (LMIB51L) SIS oin Jlams s 4 &5 (LT
40~50  (g,ls p 40 o ¢ 12-Dit i e, 5 Sl Dl ol
S0 aelp b6 mamzme jlde ol on 4 by Sl (B e Ol 5« MSPS
o b S e Sl oss e 5 4 g SIFPGA
e 0T 55 ioman ol 350 [V0V7] e 53 (S5 S

Al e ol n Lo g0 et (] 53 (it

Journal of Control, Vol. 11, No.2y, Summer 2017

AP Olsls ¥ ojled V) tlor 287 Alee




s}l.njyu:uij)jluu;.ﬂllfaw)%by\jé@d&:ngue:\:.é;fljb &

s ol S (G s

ST 208 Ol Il S e Dle s e L

330 53 IS B gl 3 Syl s €355 0 0313 o b
5 S o3I I8 gl gl 3L s 5 Jlw 053 400KHZ
Sl gl Ja 5 68 23U 55 5 sl Sl S (6 g0 33,8 8
CS L Jseme (Scopix 111, OX-7104 )Jus ,ls abbl Jlos
Cl}ﬁl el 0l 05,51 & J.§.~ 23 o &5 Chauvin Arnoux Group
o mm zo0 5 S Gas p 3 03y (o Iyl Sl AT
Cudgdows s 4 .ol 0eT[V0)] e 2 el Sl e
Jlsl gls St 5 BB Sl ahol Cpiman 5 o Sl g
53 I ol 0355 Olojar Spgaa b Ll cpl S il
Ci.\fﬁ&g fl 0t Blod 26 5 ol s 6T Sl (slay gome

Ll el 05l U‘:"-'-L“" 3 aJ:S-S g__t)}g,w‘ absl> BE) 4;‘?\4:-

B35 el &gl sladly s JS2 7 IS
035 V00V a5 e 51 Jlayl IS dals 555 o 0> &S shailen
250 Ol dplone (sln el VoMV 43 1 (B s JESw il
Bl Sl s 0T Blas da 5 Jlyl S Sl el e il oo
Pl s sl Gledl i Sl e Ol bl G > il
25 SIS Souta & el 55 03Y s Dl tlos (sl
Slels 5 W JS s Bre (Blys 5 Jlol sledy
Wl s (b 61 p3Y gl T 4t 5 LG sl dbgy e
Wl amles 3 O Jor 53 358 G iy Wesls &5 5 8L
S Slodijls g AIDO e vy Oljes &) sea
53l S g 5 s Sl 0aT ety LS (slgilej 5,8 e
350 JSS Calies Y

GLaY )3 odd dwls Glge Sl dsed L VO SE s

JL:MQEJ?CE“&@}ﬁf@iﬁf.@m‘bﬁﬂ))}TdL?)%
BES WRCPRMEVER - St R 5 J-T TR - - SRR V- g
oS Sl 53 8 ol OT S a0k o3lizal plade JS

js.wldg.iwo)lj:L;b\:é:l.:jd:lid}ﬁ):ﬁ&}wcj}?

WS e SO gl cmils Sl YU Sds ok e bagie oo
6o T 31 oslial 100 timen oYL (6,165 a5 5 &S Mgzl (sl,ls
2y ey BS Slgle) 5o 5 oS SOl e S oM sl
Slysle Jo Vo 5l o aly O (55 o510 53 Jg o
a3 eslimal b Ay 055 Sl b Hse #5008 o 4o s
J}Jo.\>)>Ik\my‘ﬁ.:ﬁddﬂfdbb);a.\.&@éﬂf
[N o5t Jols Olaabl Jlow 5l 516 355 0 Sl (5355
E5 Lol Jlw 035515 (235 4 QU5 G5 e 5

Wl dal e 1y Sglase L

Single—Path Ultrasonic
Flow Meter

1-Path >

Pump

[Creme ]
x Water I ?

culation Fl

g
4 -Path Ultrasonic

Reference Flow Meter
Flow Meter

@

3 (o Gl AT i 3 S S5 1 S &8k (Ll -0 S
3l e

b O g Sl plil VY

030315 ST 33,8 o sy Goay M) o Slles ol 51

35 Olen S b 5l szl b e 1355T55 (535 4 s
Jlw bz Olpn ol Gulond )3 5 0 Sl ume b 55 DT
o3ls Sl VWY mYh 6 AYMITN Sl dde p YV b s 4 Jlasl
Jhw e (Y+/FYCM) (2l A} aladie O30 ol @ a5 L2
ol s Sl s 5 b33 8 o e V0 AMIS B o/ AMYS 31 blie
2 SLleT ples o 08 0T o e3,15 (S Loz 5 L35 4 5,5
@TJWtQtMSLtjt,aﬁ¢@\qb sl 55l L boes

Cuﬂ\ou\.i_,b)dfﬁ

Journal of Control, Vol. 11, No. 2, Summer 2017

YA Gl oY oylad V)l ¢J =57 alons



2\ silnjyu.?uf‘))jluu;.ﬂll{ow)l{%d;y\jéc:ﬁ&:ngue:\:.é}fljb

s ol il (G s

AV el Sl eslial b Calse glaa¥ s S 5l da

4 3 Dlalbus b b3 8 aalous 38 oo 51 S0 2ol

o peen ESG g g o g 93 Lo 5 0dh (6,5 oS s £ ol e
ol ol 0als OLES A Jg,‘:.);

by S 5,8 o5l El s dalie & kiles
S ol Jol b b Jud BB (s o ppe Fopte
e 0 s G s 2353 45 - 533003 o i 93 Ja 5
I i Sl ol g BB s oS 58 5 s Lo
(S o el 5y 1) 6,8
e=ix100 D)
fl’
S oIl s ST 5 eks aculone sl 55 FOT 13 o8
\~J.§.'2 03 e a4 Sl e e s Lo g ool
Gl F S RIR L s e edalin ) shiles sl ol 63,57
T 92 0 S e oot ol b e S eI 8
EF Sl bl o am Jlw o RIHIL T Sds S s
aglin S5 o b 51 [Wsps ety bl 6 K0 Slibgad b oy
o s g e 8wy B ssg S OLES l.hc.'w:&.) s
e red Sl 685 @I S8 ol 5 305 0 e &S5 4
Sl & J ys el Sy £ ¥ 55d s &S gl AT 0 s

.Caﬂ‘j&fl.ﬁ-’»d)é*'}j.”nﬂ&@»&é

12i

100 '\\ ~—
80 \N

<

2 60 \\

g NN

= Legendre flow rate"-0" \

T 40 N
One beam flow rate"-*" \

20
Reference flow rate"-+!'

1 2 3 4 5| 6 7 8
test step

e 5 0 5 Slagin 23 93 o 555 (65 051 s -4 S

M b T dglie 5o e

S5 dxS -0

S oS Sl s Sl D30 i 3 S Gl ) 5

Oljen ool doe &5 bl s sl ok atl (b SVl o
5 b T ey pne IS S S 4 ) 51 (6 e L
Gy sl = s Ea Sl eslinel el oty dslae JS 4

I o Sl oslial b e b gty LSS (ode o B

.A}.&@;&A;MTQQK\JBQQ&ﬂG}jYQ§h@ﬂ
edls 4 (3L ceslizul sy4e g3 (5,8 LSSl iy 4o 4 S

W(;&}wé)ja)w

Velocity profile

Velocity (m/s)

Position (rIJR)
Calises sbaaY 3l odds o (slgze 51 sl 6 sas Y IS

S o 40 ot 55 i 935 S0 b e 3 Skt i ite
DG b oS (o tlons b 0555 1 eslized L1y A ST s
e 03 S g 1> ol B 55 1) 0 e OS5 i 23 (2 B L
239 355 Dly g Sl S $353 Olye 4 55 4Y
dwlone B = S Sl Bl eslizal L T (g3 Ol OT
e b 0l (6,8 oS T (05 Oljn Olejas 55k 5 8 e
ol 238 o b e OS5 g BuS ad 5
gl anglie BB Ol jen sy i 23 dw pp el 5 5

g mbi—f

cba¥ 55 0 ¥ g s ol G5 sl sl
E5 Sl o GRIBIL s o ) B A JSE O ey Caliie
sl (6l Cl ok (5,5 o3Il VWY MYN G VMK 1 JLe
Ol I P R T IEACTIC S NU R
Dl ool b JSC 51 s ja ol 0l 03,557 55 0 pone ST s 23

Sl 0T iy Lo g0 dslona 5 (6,5 03100 L

1.4
12 o
one heam "-0
’\g a Path 2&3 "-** /
= Path 1&4 "-+" /
>
S 08 /%
g -
g 06 / /'/|
5
8 0.4 / //
— d
= /
0.2
-r/
0
0 0.2 0.4 0.6 0.8 1

Reference Velocity (m/s)

qksuk;uwém;;ﬂq,dptjsé\bf,\;?ﬁtf-/\p

So3e dbm

Journal of Control, Vol. 11, No.2y, Summer 2017

AP Olsls ¥ ojled V) tlor 287 Alee



s;u,'d.,:u:u‘z”;,mu;.ﬂlpaw,%;)yu@M&ggjuo:g,fl,b Y

s ol S (G s

[5] Liptak. B.G. "Instrument engineers handbook,
Process measurement and analysis”, Chap.2, CRC
press, 1995

[6] Mingwei L., Guosheng L. and Yanguo H., "Research
on Improving the Accuracy of the Ultrasonic Flow-
meter with time difference Method, International
Conference on Electrical and Control Engineering,
pp. 1704-1707, 2010.

<2 [WIC E) f‘jla "‘_»;MU_;:‘ dals ‘CE L"’J-'Lp o wﬁ_[v]
0533 ¢ e SIS pitign e (60 Olaj S sl AT &
AYAY A0F-10F o cojled VY

gloel 3l eslinal bl 0w 6,8 o501 Slal s Slass Jfaill gl [A]
G les G cl Wy Ol asbale eSSl AT

WY CFO-FY e

[9] Cengel Y. A., Cimbala J. M., "Fluid mechanics :
fundamentals and applications”, 1th ed. McGraw-
Hill, New York, NY, ch.8, 2006.

[10] Yan-xia Wang., Zhi-hao Li, Ting-hu Zhang
"Research of Ultrasonic Flow Measurement and
Temperature Compensation System based on Neural
Network", International Conference on Atrtificial
Intelligence and Computational Intelligence, 268-
271, 2010.

[11] Massey B. and Smith J. W. "Mechanics of Fluids",
8th edition, Taylor & Francis Group, pp.273, 2005.

[12] Milton Abramowitz, Iren A. Stegun, "Handbook of
Math Functions”, National bureau of standards USA,
10th print, pp. 887,1972.

[13] Burden R. L. and Faires J.D., "Numerical Analysis",
9th ed., Brooks/Cole, 2011.

[14] Olver F.W.J., Lozier D.W., Boisvert R.F. and Clark
C.W., "NIST Handbook of Mathematical Functions",
Cambridge University Press, pp. 80, 2010.

bl s SOl AT Glopesl ey s e ele [V0]
WOLL "Jlw (6,5 ol By (il wp sl ola,Sal,

MY Ol e g 33T o&tils eyl wlis IS

[16] Xing-hong Zhang, Hui Zhang, Xian-quan Wang, Ji-
gin Feng, Wei Cai, "Design and Implementation of
the A/D Conversion Circuit for the High-Accuracy
Ultrasonic Flowmeter", International Conference on
System  Science, Engineering Design  and
Manufacturing Informatization, pp.155-158, 2010.

[17] Abraham K. George, Ram N Singh and Sayyadul A.,
"Equation of State of Crude Oil Samples", J Pet
Environ Biotechnol Volume 4, Issue 6-000162, 2013.

[18] Ishikawa H., Takamoto M., Shimizu K., Monji H.,
Matsuj G., "Development of a new ultrasonic liquid
flowmeter for very low flow rate applicable to a thin
pipe", Proceedings of the The Ninth International
Symposium on  Semiconductor Manufacroring,
Tokyo, pp383-386, 2000.

[19] http://www.euromag.com/en/ultrasonic-
flowmeters.

G/ m/sqﬂafu;,.bu,:QT&:‘JL:MJ'W_Y)\R)“A.:LSJ:?
aglin o o i 23 Jan 5 (55 o3I gl Ly odd s ) S
P{VECRE S I WH G PG CON [ B < PR S T o
23 Jlr sy b C35 Ol s Lgy ol Y 31 2087 510 /A M 5L
o 68 oIl gl YL las e p3 &S ey e Ol Y S
BB ol o i 93 B b A ey o T IS w4 iy
S s b L glge w5 o O b SN awlis
2 S e Coopar 5 o) AL e NP ers S8
ol o 25 o S 1P L T L35 o Caalagmin 0
Sy i sl 4 & (6,5 o3 Gllas sl & ol
Vo UK n Sl ol el s o 51 JRne 5 0358 S 0l
r.:..,..:.ﬂ)'l oslatwl ameS pl wlal sl ol 0sls OLES TPs
Pt b ol Sl Ko 58 oo a5 ) SIS (slgze
sosls s, J'Z)"Jj:}é‘zf o (sla o sl Sl

e 35 5 0 Ol L e 03 e oo Sl 5

50
\ 1 path Error "--"
\

40 1
g |
=~ \ 4 path Error "-*"
e \
=30 R
e \
(] 1
£ (N
g 20 .
3> N\,
(7] ™,
[T . . S s L
=

10 .

NQ---..‘b
0
0 0.2 0.4 0.6 0.8 1

Fluid Velocity (m/s)

aﬂ)%,&@&;);sﬁf,;méu@s.u)“.ﬁuﬁ S ¢

&y
[1] Yoder J, "Ultrasonic Flowmeter Market Is Expected

To Grow Strongly", Pipeline & Gas Journal, April
2002

[2] Jacobson S., "New Developments in Ultrasonic Gas
Analysis and Flowmetering”, IEEE International
Ultrasonics Symposium Proceedings, pp. 508-512,
2008.

[3] Lynnworth L.C and Yi Liub, "Ultrasonic flowmeters:
Half-century ~ progress  report, 1955-2005",
Ultrasonics, Vol. 44, Supplement, pp. e-1371-e-
1378, 2006.

[4] Yihong W. ,"Research of Measurement Mechanism of
the Flow in Pipe Based on Multi-path Ultrasonic",
2010 8th IEEE International Conference on Control
and Automation, Xiamen, China, June 9-11, pp. 709-
712, 2010.

Journal of Control, Vol. 11, No. 2, Summer 2017

YA Gl oY oylad V)l ¢J =57 alons


http://www.sciencedirect.com/science/article/pii/S0041624X06000849
http://www.sciencedirect.com/science/article/pii/S0041624X06000849
http://www.sciencedirect.com/science/article/pii/S0041624X06000849
http://www.sciencedirect.com/science/journal/0041624X
http://www.sciencedirect.com/science/journal/0041624X/44/supp/S

Journal of Control

ISSN (print) 2008-8345
ISSN (online) 2538-3752

ma — @ ==

Industrial Control Center of Excellence
K.N. Toosi University of Technology

A Joint Publication of the Iranian Society of Instrument and Control Engineers and the Industrial
Control Center of Excellence of K.N. Toosi University of Technology, Vol. 11, No. 2, Summer 2017.

Publisher: Iranian Society of Instrumentation and Control Engineers

Managing Director: Prof. Iraj Goodarznia

Editor-in-Chief: Prof. Ali Khaki-Sedigh

Tel: 84062317

Email: sedigh@kntu.ac.ir

Assistant Editor: Prof. Hamid Khaloozadeh, Dr. Alireza Fatehi, Dr. Mahdi Aliyari Shoorehdeli
Executive Director: Dr. Mahdi Aliyari Shoorehdeli, Tel: 84062403, Email: aliyari@kntu.ac.ir

Editorial Board:

Prof. A. Khaki-Sedigh, Prof. I. Goodarznia, Prof. H. Khaloozadeh, Prof. P. Jabedar-Maralani, Prof. A.
Ghafari, Dr. H.R. Momeni (Associate Prof), Prof. S.K. Nikravesh, Prof. M. Shafiee, Prof. B. Moshiri.

Advisory Board:

Dr. H.R. Momeni, Prof. B. Moshiri, Prof. M. Shafiee, Prof. A. Khaki-Sedigh, Prof. P. Jabedar-
Maralani, Prof. A. Ghaffari, Prof. H. Khaloozadeh, Prof. H.R. Taghirad, Dr. K. Masroori, Dr. M.T.
Bathaei, Dr. M.T. Hamidi-Beheshti, Dr. F. Jafarkazemi, Dr. R. Amjadifard, Prof. S.A. Moosavian,
Prof. M. Teshnelab, Prof. M. Haeri, Prof. S.A. Safavi, Prof. H. Seyfi, Dr. A. Fatehi, Prof. M.R.
Akbarzadeh- Toutounchi, Prof. M. Golkar, Prof. N. Pariz, Dr. M. Javadi, Dr. J. Heirani-Nobari, Prof.
F. Hossein- Babaei, Dr. B. Moaveni, Dr. M. Aliyari Sh., Dr. M. Arvan , Prof. M. Tavakoli-Bina, Dr. F.
Farivar, Dr. M. Ayati, Dr. M. Mansouri, Dr. R. Havangi, Dr. A. Ramezani, Dr. A. Ghasemi, Prof. M.
Farrokhi, Dr. Y. Batmani.

Website Manager: Nasibeh Farahani
Page Editor: Kiyan Khaloozadeh

WWW.joc-isice.ir



Journal of Control

ISSN (print) 2008-8345
ISSN (online) 2538-3752

A Joint Publication of the Iranian Society of Instrument and Control Engineers and
the Industrial Control Center of Excellence of K.N. Toosi University of Technology
Vol. 11, No. 2, Summer 2017

Contents

A New Method to Reduce the Multi-Model Set Based on Maximum Stability 1
Margin and Gap Metric

Mahdi Ahmadi, Mohammad Haeri

Developing Adaptive Traffic Signal Controller based on Continuous 9
Reinforcment Learning in a Microscopic Traffic Environment
Mohammad Aslani, Mohammad Saadi Mesgari

Stabilization of Nonlinear Polynomial Systems Subject to System Noise and 23
Quantization Distortion
Alireza Farhadi

Design and Control of a Coreless Axial Flux Permanent Magnet 31
Synchronous Generator to Extract the Maximum Power from the Variable

Speed Wind Turbine

Ali Daghigh, Mahnaz Ebrahimi, Hamid Javadi

Partial State Feedback Control for Trajectory Tracking of Underactuated 43
Autonomous Underwater Vehicle by Using Neural Adaptive Dynamic

Surface Control

Sanaz Faghih, Khoshnam Shojaei

Design and Fabrication of a Four-path Ultrasonic Flowmeter using the Time- 55

difference Method
Mohammad Orvatinia, Abbas Gharibi

WWW.joc-isice.ir



	Persian_Front_Vol. 11, No. 2
	Persian_Back_Vol. 11, No. 2
	Content_Vol. 11, No. 2
	article A-10-120-4
	article A-10-328-2
	blank
	article A-10-408-1
	article A-10-465-1
	blank - Copy
	article A-10-532-1
	article A-10-606-1
	blank - Copy - Copy
	English_Back_Vol. 11, No. 2
	English_Front_Vol. 11, No. 2



