J S s

ISSN 2008-8345 a2

a5~ ole 4
oo sb gl e a5 i oiils a8 e — 0l 1 385 1 nl 5 J S Oledige ezl
WA Oltne) oF o)l o Ao

Yo w)@

y ko i TSl s Flo oo 195 (SLLiad § padlie dxwrgd
a:|)}n>~\.:a>tr~)in‘§«.:§>&m

" D90 4 0950 Jowl O 4dal G piuw 38 ST TDS J 557 § (6 15703151 s Sl 9 (150
S5 03Il (595 » ko 1 (Gl pwa 26le5 b «eCusds” PID

I o (Sulgie (g s n o WIS

" B 33 (A5 (65936 55 b I (Sifge SO, pathe PID 5 3 551l ko

J‘JLSESL’;)“\‘:'“"LSJJ‘“‘;VE‘“M

" S0 puse b5 b &0 Curdg 9 Cubgo Algn gk (ol Sy 95 (LB
L;T.J-:YT Q}‘jé&;:us’ Lwdga S p e LSJ‘J-‘} Ja» ‘ct.{:ca.?r.@{ J:.«z.“-\.&

Fa 0,3 jld (510 p 4igai il i sgRl (ol g &5 omio plurl CumSgn (sl 53 S Elrb SHlw (B9

Q}‘/’.’uu)u\,wcéﬁg}:ic

5 DLy OleAb! <oy b Yo Olelii sl 13w gl (S 29U ks W HI JBI (Sllas (S5l Ol > 9 Sl
oyl

of 5SS o sl (6 5 Sl i o]y g lkihe el

WWW.isice.ir



http://www.isice.ir/

J 5 alome

(ISSN 2008-8345)

M ) o= ) ==

FIFS
u’)q)fl{’;'d’.l:z‘x

sxe o8ils amio J ST B 0l G5 L 5 JES Oledige el (e - ale 4
WYY Olies ) F oyl c?qu—cGW)b ez a5

control@isice.ir ¢y S s

Ol G35 )15 5 J RS Oladige ol el Lo

L5558 gl smbs i shmn ke

sedigh@Kntu.ac.ir : S s S g -AFSYFAY 2 il — 5o ST Jo ) smbs ptym e

o sb W ol i o8l 3 o STl O Ay ¢ ST 0L ST e T

il sl 1

PSB Lo e 2 ol deam s guds (ko (ST o )by i o e S5l

o3l I da gmdg i 2l ) s

:Qﬁ)ﬁaiﬂh
ssmd g —(oleal) GVl Sl am 595 jsudy p — Gliw)) ool Jl A gudy s —(lwl) L:;).Jb}fcj“)}méjjz—(btm‘) G S e by,

G eien 50 s gmd s —(Olwl) ekl 3 g jsmd s —(5lal) (55 SG ol JaS e gy ~(GLiils) o ge Loyl 75 —(okl) (g lie o
(slzwl)

0llie Ol
(Sole Jo by ( YLl I3 ax s s sy g Gidee (S e b ekl 5 gmes ) sud s (S e S5 sy g (e e Lok ST
(B S 2155 555 (i (Fdars 55 (gl (Bdame 1S5 (Gog e OI5S 553 00y (B Wosdam by o5l e ) 5uds
e ) geb s g (S she pS1 Je daw s by (Sl dasus ) gudy ) AT demme Hsmdg p (Ob guge ST e A H by 03 b (guasl Ly, ST
533l 31340 S5 o ol S5 QIS LS o s gs 75 (55 03158 L pdasma 75 (o6 Lo ple 57 ¢ (oBIS ol ST ¢ o

Ly S5 dezen ) gud g Olgsle dames 2S5 ¢ I3 0,50 (solde (sulge 75 ¢ Salae O5u 573 (bl e 50l 3 5 smdg 5 ¢S 5 Sl sinr

13483 5131 8 J 5 Sluige opo35il 0 e Dl
555 Ol jdazs Olasl 55 (st ST o s gubs (S yudn 35 5 pmd ‘L_g,;;@t,ygﬁ (ollos dalr Lo jdames 57 ¢ aekd 3 gmas ) gud
(SIS e g eoe O3 e

VOMO-YOD (g Jge Ol 588 — O !
AV FYYYYY b

AV TYY oo W6
WWW.isice.ir



B

Ty

ro

F4

9

los pb @

oY &o Cﬂd}gs
ko i TSl s o o d 15 (SLLad 9 padlio drurgs

a:b'}]l:'- RN cr.ﬁu 6“‘~§’ Wl

4 gm0 ol ST 4dal G 33 STTDS J 58 9 (585031050 s =l 9 (2150

50311 (595 p bd J1 (Gl o 261g5 b weudls” PID 395

st o ((sgiie (6 s g0 o IS

B 33 (A5 (59368 3 b I (Slge SO palhe PID J 5 9 sl Julow

J‘)&u)w«éjﬂirﬁﬁ‘w

S0 ke b £ b 0 Curbg 9 Curdgo dlgo b cmd (ST 95 (S

&.‘.‘YT o3l Jrawm 4 dge (6 o G aam ol o deslie

(53193 4g0d 3l i 981 bl g &I oo plucrl Camdgo (ot 38 B Elad (Silw (A9

03 plid

03w Lo ydess (6 me Juie

o8 b Yb Olelas o1 jo w91 (8 29U ks EW I B (Slas (Sl Of o 9 ks

oyl Sbay OleMof

ol 5SS o el (g 5 Sl i o]y olkihe Sl

Journal of Control, Vol. 6, No. 4, Winter 2013

IFAY Glies oF o jlod o o 0,28 alons



dl:&u(ajl.a): LS"}S)K}LSJB Qu.:w @lb u'ijs ajU aﬁﬁfﬁjbﬂ\fﬁw‘ @A}ﬁ—@lﬁé‘wcdﬁﬁr@
bl S5l ek 5l 5 gl O by Sl g2 5 ety sl SV s G5 31 5 LS e b oo

)}Nd)b‘ﬂ)))‘}nwg‘};‘.&wd\ﬁa)}n gLo-LAQL:AJ‘

s s 3 Shee Bl 5 (5l 4 (G Sl 1S3l 4t (o luls (glde ()

IS (el J 287 o o s o8 5 (o J RS e o S 1 48 0 J RS e e (b 5 o (Y
(=S 5 3 el wenS =S (sl (i ( 33LaT J ST (Sla e clindipn 257 Gl (s cag 2S5 pslie
vopriadior J 7S G s (m g Sl Glb o

LSS 5 S 5 (F

c (G g DM g 03ls LS 5 Sl R 5 535 15 (¥

5 o s e i 5 (el (S e (bl — DLl Ll 03 208 ST (sla i o 51 (nio O ple il (0
3 (b Ol Gl s ooy U257 (6o s cla s )3 o8 el 5 (Ll (6 ST U S e e (b
(Sl s IS Gl gt

TAB L 25 )lge 0S8 5 53 Ly (o 5 035 ey calme p) e 35 5m (gl )8

LS sb s Sl e QO

(IS 5 gt G T b Jols amis slaan T (Y
Cp o pis s s (F

Lol gr 5 ) Lo wilige (F

(S s s3lasl sl O

e Gl Sl 5 Sl e ( S Slgatunn (¥
LSy ke Y

Bl 5 OV B T o foms Sge5 385 15l 5 U8 ki b Lot e sla aej 3 Jlab OLulisy 87 5 0 Kia sy 4JS7 Sl
0 SosSN Sy w1y 5 SVl Sl diatial g s les Jloyl aloes pl w1y 505 dagh 5 ek las ks p 5T
Colw s dily o VU Jloyl 5 4 005 3Ly 5 i Sledbl cuS (<l .l 5 JLul CONtrol @isice.ir . ,sT

ol dnl e WWWLISICELIT )3T b alows

Journal of Control, Vol. 6, No. 4, Winter 2013 AFAY Olie ) oF o jlad o o o] 28 alons



CHIN O g

A4 Ql:r.é_..o):c.]o‘}_b:'-bl_:ﬁdOUble Wlél{jB Zar \Y C.,q}éb%b%fﬁ)}f‘fcdunm.bu&&h%&yuﬁﬂ

33,8 ag Word S le 5 o 5 g g &
O Sy g (38T

)‘J@.L@.G o..»\.'._.@}:’(emaﬂ)dg_:}j}.“g|M@L&J}(ﬁ))&)jé)&.ﬁha)\.m_ﬁnl_ze\juh QKM}M&K@JJJT

33 8 Jluyl dlis ol jor 4 5 Ola iz & 55 SIS

o>

- -

(;..:K‘jdeb) ajb.\:.lfcajb"" ;5‘.,\’).34.“&# (gf“‘:li"‘ﬁd“")b) a.lng.?:- c(u’.m‘:li.r‘jw)b) u‘chﬁL& "\'.'.b adqua

..L.ZL aj‘j I J‘Zf‘.l:- BE)

s 9 polai

jlﬁ.u\gc'é‘)-k_i\fJL.»);L.&_,J})J}LML.@JW)I'JWy\dbjlgdjgéjj‘sq?dundbj(alil.ﬂs):

A o (65,0 dlis Ol Cgr e 5 sla ol Loyl callis b

&y

A_rc\_‘l.z.nql_l\i).ﬁﬁ‘)cj_&ul_@;-‘-&léﬁj.bbjfum:)wb.libf-‘fMLGM:J‘JC\:-)‘JA)J.\{LC-\JAAJM

1338 plb 08 s 5 Ll Oy - 55

L "J_..‘JUL‘L(’ALM"AJLL Olge" «oyl 5 5 b b slasl Jle ol Jsl (g bzl Cdls Sl ob [ oslas] 0¥ lio

.QWo)wcAl?o)M\idaﬁa)w¢w‘/ji&/

JL.ucJ_.icUJ_n\f(aUc(b}_?)Q)ﬂ)J)ﬁPCchL{&&—'F‘O@M}JMJAKCU};.s‘jJBCU[g_,AUM] by

ez

Al 31 Olss oo ST dsy HLS™ 55 L el eslinal dllie (slgise plos 5o (¢S5 z0) ST s ylslin! a1y 31 L SV U5 yus1g

. ge5 eslazal 55 5l J:'-\.s 33 @..:lij\

Journal of Control, Vol. 6, No. 4, Winter 2013 AFAY Olie ) oF o jlad o o o] 28 alons



OV Jgbo

KL 5 i Oldes Ol (1 Al gn 0315 VOr + 350 Uslae o7 il o amio 1O Ol on 53 SVlie e S 1o

35,5 5 lg dlowe Sluo 4 amis a6l (K5 0T V5 ¥8) JL, Yo+ o v J:bukgldui}ac,.wl(ajﬂ
Mo Jloyl ol S

R Sl OVl il o imgs Slgnalasl 5ol S OVle ¢ imgsy JulS OYle fold dlowe 53 Ol L1 OYLe

..L:bl.fLg))bdl:-J:Q}A&Qaﬁ%lﬁ-@-)lﬁ-\i}&b%

554 Jlu | control @isice.ir alsws Slis 4 5, 3l5 Cgx word 5 pdf o & dlis S5 2SI adens o Y e

Al ol dlos 4 o5 Cia Lo g e a3, L b oLl L5 .35 K Jlayl Lamasee Olygls 4 6 ols Cgr SV Ge @
3305 ol Jlsl DL 10 oo 5 (512 1y (S015 st dlomn s 25 5

okiy §5 35150 plow 53 AEL 0dd S35 50 4 3 gdome |pamis b Oleoead (ASL dlis el 4 5L &S (Jhsw0 55 @
s 5 oo e Doy g 3 s S S S5 el b g i 65 2 0L 53 1) e el Y

S g dal g ol o odge

"ol Gdaylpl 5 J S Oledige el & 0T Hlasl > Jlas! o el 03 Ot 5 lin Aol Sy gn 43 2 S &5
361,;,-\4545&»5‘&%&5&;,tf.\;)tgggswl,ﬁ ol 03Y O e 5 les sl lin ol ol on @ 5 JoSS

.-Lb_\.«.?db)\4.19.;»‘):5:Q)@EJ)‘)@|aM6J‘JﬁMJ§iAGD

Ml S (6l s e 3 Sl sl CONLIOI@ISICE.IT 1w ysT 4 S5 2SI &y oo 0 1y 355 OV Col iaiinl = 15557 0

ol ans e http://www isice.ar :oole 4 dl gs 2o

Journal of Control, Vol. 6, No. 4, Winter 2013 AFAY Olie ) oF o jlad o o o] 28 alons



| J s Ao
S
« é ISSN 2008-8345
E V=4 dmio MY Ol (F ol ¢ s Frs
et

St i TS i 5o Jyobd 195 UL § mudlio drwgd
“oblj}j\ﬁ-u\.ﬁ:—c\r@wga-k&u

o sb il wi o305 (e 5 S S 03 8 0 oakige 6553 5l

w}ba'u‘j:@“’,")ﬁ'W“li:ﬁ;‘}‘WJJ:SG“L;¢‘W}dﬁejf‘dﬁwng‘JGQtdiv

mojtaba_hakimi@ee.kntu.ac.ir, h_khaloozadeh@kntu.ac.ir

OFONINY Blia sy o6 TRV dlie S35 556)

S5l L > Cote ik ST s il sl 51 e pa S8 o J RS slaes i ples 53 L5 o5l ooy

S Bl S A5 4 Ll o e all J S s S 53 b5 w5 ol g 3 5 e 02litel iy il J S (Sla s
- o TS o o oS i (sl okt a3l SIS 5 03 Lol 3 gyl b kS S sy il s ()L T (S
S el ok 013 0L 5 ol 43,515t 5 350 Ll phm ) ol 03,55 DL cide sl (81 il sl o 53 e
3 St TS i sl il g ol 3 Al o it w5 ol iy b B s S bl
Cta i TS ook sl s Lo o3 (510 63 IS 5 sl IS 5 05Y Ll bl o sdhe 13y gn S5 1) e
S35 53 o Wbl al 13 oo Dl 0 ite L Slagte O3S e sla Sl 3l salitel Sl IS ge Sy 3 s34
23 0l o5 5 W5 esm Gl s SLS Camolr alply 5 dies sl BB oo ha Sl LS 55 0n 5 ST

.C_A..u\a_x..i:o:\:QLi.JGltéLng)\f\{wLEﬁ):JiA;-@tjq;.ndbkéﬁl)l\{W.xjjT@

W23l o e O 8 5l sl 2 (SPR) e i TS ook il ¢ e ol w15 2G0T ol

Extension of Concepts and Theorems for Strictly Positive Real
Transfer Function Matrices

Mojtaba Hakimi Moghaddam, Hamid Khaloozadeh

Abstract: Nowadays almost in the all branches of control even intelligent control strictly
positive real transfer functions are used to stabilize closed loop control systems. These transfer
functions in a closed loop control system can help to generate a lyapunov function for guarantee the
stability of closed loop system. Nevertheless, the necessary and sufficient conditions for strictly
positive real transfer function matrices have been different in the literature for many years.
Recently, it is shown that there are inconsistencies between definition and theorems of strict
positive realness. In this paper, we present and prove an important difference between positive real
and strictly positive real transfer function matrices. Moreover, we introduce more complete and
simpler necessary and sufficient conditions for strictly positive real transfer function matrices. An
important advantage of present work is usage of Markov parameters of multivariable systems. We
know these parameters are easily calculated in both frequency and time domains, so using these
parameters can make a similar framework in both frequency and time domains. Presenting some
examples, we show the advantages of our new results in comparison to before works.

Keywords: Matrix Transfer Functions, Strictly Positive Real (SPR) Transfer Functions, Markov
Parameter of Systems, Laurent Series Expansion.
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Design and Manufacture of TDS Measurement and Control System
for Water Purification in Reverse Osmosis by Classic PID with the
Ability to Compensate Effects of Temperature on Measurement

Seyed Kamal-e-ddin Mousavi Mashhadi, Hamid Yadollahi

Abstract: Measurement and control of TDS (Total Dissolved Solids) of water has significant
importance for industry, agriculture, livestock and health. The system designed and manufactured
in this paper measures, displays and controls TDS of water by installing on domestic and industrial
purification systems. Technology of manufacturing TDS measurement system is such that it can
compensate for the adverse effect of temperature on measurement. Meanwhile, calibration of the
measurement system will be explained by discussing several examinations conducted in Research
Institute for Food Science and Technology. In order to control TDS, mathematical model for
domestic water purification devices of reverse osmosis (RO) is obtained by running practical
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experiments. Then, system controller is designed by Ziegler-Nichols oscillation method with the
most appropriate controller being implemented. Operation of controlling TDS is done through real
time and continuous controlling of a mix valve. This valve is closed parallel with a membrane filter
or RO, so one can control TDS by adding or reducing inlet water into outlet water of this filter. The
system developed by this research is produced in pilot by receiving scientific approvals from
relevant authorities and has found numerous applications in industry.

Keywords: temperature turbulence, TDS measurement, TDS control, electrical conductivity,
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Stability Analysis and Robust PID Control of Parallel Cable Robots

with Positive Tensions
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Faculty of Electrical and Computer Engineering, K. N. Toosi University of Technology,
taghirad@kntu.ac.ir , makh@ee.kntu.ac.ir

Abstract: In this paper dynamic analysis and robust PID control of fully-constrained parallel cable driven
manipulators are studied in detail. Since in this class of manipulators, cables should remain in tension for all
maneuvers in their workspace, feedback control of such robots becomes more challenging than that
of conventional parallel robots and research on this topic especially on robust stability analysis is limited. In
this paper, structured and unstructured uncertainties are considered in the dynamic model and Jacobian of the
robot, and a robust PID controller is proposed for the cable driven parallel robot. To ensure that all the cables
are in tension, a corrective term is used in the proposed PID control based on the internal force concept. Then,
robust stability of the closed-loop system is analysed through Lyapunov’s second method and it is shown that by
suitable selection of the controller gains, the closed-loop system would be robustly stable. Finally, the
effectiveness of the proposed PID algorithm is examined through experiments on a planar cable driven robot
and it is shown that the proposed control structure is able to provide suitable performance in practice.

Keywords: Parallel cable robots, PID control, Internal force, Stability analysis, UUB stability.
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New Approach to Determine 6-DOF Position and Orientation of
an Object Using its Image

Abdolhamid Bahjat Panah, Jafar Heyrani Nobari,
Mahdieh Hosseingholizadeh Alashti

Abstract: In this paper, a new method for determining the position and orientation of the object
in respect to the camera coordinate using the image is presented. True picture of the camera is
obtained by a nonlinear mapping between the three-dimensional world and two-dimensional image.
Some researchers assumed linear mapping to make approximation of position and orientation easier,
but restrictions were imposed on the object size. Also the use of nonlinear mapping and geometric
relationships between object and its image is so challenging and difficult task, but increase the
accuracy and do not raises the limit on the size of the object. The case in which an object is placed in
front of the camera can become different according to the orientation type and its distance from the
main axis of the camera. In this paper, to determine 6DOF position and orientation of an object using
its image, a system of nonlinear equations with ten equations and 5 unknowns is extracted. In solving
nonlinear equations, it is important to choose an appropriate algorithm to minimize the error and
needs little time. With regard to the non-exact values in practical test, the kind of optimization
algorithm is proposed and. Then a way for selecting initial guess is proposed to always have a
solution and reduce the run time. Accuracy of extracted equations is shown by determining 6 DOF
position and orientation of one theodolite.

Keywords: Position and orientation determining, object coordinates, camera mathematical and
geometrical equation, determining orientation matrix.
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Adaptive Kernel Radius in Estimating the Position of Moving Target
Tracking based on Resampling Particle Filter Algorithm

Aghil Abiri, Mohammad Reza Mahzoun

Abstract: In this paper, we perform adaptive radius of the kernel by an edge detection method with tracking
algorithm based on kernel density and provides a robust tracking algorithm, in combination with the resampling
particle filter algorithm. In the first frame, by suitable kernel density estimation, is obtained the weighted
histogram of the target model and by adding random noise variance at this place, are predicted the position of
candidate particles in the next step. The weighted histogram of this candidate particles are compared with the
same density kernel by the target model and are weighted the candidate particles by Bhattacharyya distance. The
resampling algorithm, estimates the target position in the next frame. Finally, radius of the kernel is consistent
with the target model changes. If needed, the target model is updated according to the best model of particle
similar to the target model, adaptively.

Keywords: Resampling, Kernel Radius, Target Model, Particle Filter, Weighted Histogram.
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Error Analysis and Compensation of Inertial Navigation System Height
Channel in High Altitudes Aiding Star Tracker

Amir Moghtadaei Rad, Jafar Heyrani Nobari, Amir Ali Nikkhah

Abstract: In this paper, using the information obtained in the star tracker, strap down inertial navigation
system positioning error in suborbital flight is reduced. In this regard, the position error equations of
different channel in inertial navigation are modeled and error share of each sensor in position and attitude
determination drifts are investigated. In continue celestial navigation and utilizing star tracker in attitude
determination and positioning on different frames are considered. Then new equation of inertial
navigation aiding by attitude determined with star tracker are introduced. According to the new
equations, attitude and position in navigation and inertial frame were calculated again and comparing
with the parameters obtained by inertial navigation, considerable reducing position error, especially in
the height channel, is shown.

Keywords: Inertial navigation, Celestial Navigation, Star Tracker, Attitude Determination, Navigation
Error, Error Analysis
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