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V ABSTRACT V

This search includes studying of automated mobile cranes to reduce incidence of
inversing which often happens due to payload swaying that requires controlling system at
the crane's site to reach Target position and another controlling system to reduce payload
swaying as possible while the crane is in motion.

Despite the development of controlling systems that adjust the operation and
functions of these cranes, the repetition of accidental tips in these cranes lead us to look for
hybrid fuzzy controlling system comparing it with PID controlling system. So, it will
improve the performance of these cranes through the reduction of payload swaying and
precise control of crane’s position.

The PID controller and Hybrid Fuzzy PID controller were simulated using Matlab
Software and the results were compared to reach the best controlling system for the crane.

Keywords: Cranes Simulation,Fuzzy Logic Controller, PID Controller, Payload Swaying,
Matlab.

"Academic Assistant, Department of Mechatronics, Faculty of Mechanical and Electrical Engineering,
Tishreen University, Latakia, Syria.

210




Tishreen University Journal. Eng. Sciences Series 2013 (8) 23all (35) adaal) dsusigh aslall @ 0050 daala dlae

- -~

I W XYY

ey IS8y aadis s deluall clindly ailaally Jabeall 8 ladl )l 4455 laa L3N (e sl
[oSee IS8 Gols gomls ogllaall wdsall ) 550l Jlaa) Jiig o))

aSai allai dsmg )5y () ele IS sl Las At Jlaal adyy J5 LSl dedin iladly Crana il
Go Sl Ul 3e aeas of omy LS Tl ST Jain iyl ) s0n Lee deall el e aall Jlad
i) o aa) e dalill Galsall

ol O Vs GISY) 53 Liad) apaal) e Aadll) ASpm o8 Jaal) eyl el s (553l (30
Dhall U ALYl dadlll OOl jha e lae Awdl Jeal) 8 i ) s of (Ses dediall Jlal)
[2Tan8 e ol Cpaalsial) GalasY) sl Aadhl) Jities 3V Glal) GISa) 55 SY)

: adlaaly Gl

Lo Jlea¥) e i) daazalal) adlgyl) ol cpm o 50l oSt 2Uai alag) DA (e Gl dpaa] (0
Ngno Alalal) adlshally wdlg )l o3a Glels dadlas pariay

Hybrid ) laall Lol Lol il oSaill oUai skt Gl 138 e cagll ols Sl
il ol pe gl Ajliey Jaadl magly aSadlly &)l gumge; aSaall (Fuzzy PID Controller
MATLAB R2012a galiys alasinly clldy ,(PID) gl  Lalisl) Lol

D odlgag Cad) @bk

A1 Jalyal) (35 Aadhl Aadiiadd) AS)al Ay oy Cigus Candliia by

: ) Laa (1

Apdaly C¥alee ) Lelisais dadhll dades a5 dlajall 028 A

: (PID) Laldl Lalsal) puliil) aSaiall Laf (2

(PID) aSaie Zlia) & (ay el pumpar aSaill (PID) aSaie asasly asii Coges Aaydl o2
el Ayl pSanll

:cpngd) (obecall Ll alSl i) asatal) Ay (3

s oSaill (Hybrid Fuzzy PID Controller) pagll aSaiall aveaiy asfi Cagu dajall ol &
bl 43505 HSanll (Hybrid Fuzzy PID Controller)aSaie 4] & (e s dedlyl

: Ag,al (4

Jemdl o Jpemnll Congs @llly cpilid) aSal ol oy gl jlias agih Cigus Alayall o3
LAy Anll) cpils ) et MATLAB R2012b J) gl alasiul) & Eus AiSas il

211



By Jaadl za (ge 2all diaigal) ASjaiall cladlll 48 jay Saill gl luall PIDASAS allas apass

: AdBlial) g gilidl
P A Aupa (1

Cogor Ll Lgalens lenlaaly LISl £omy LolisSe 2dad ) ZELaYL dhae manad il cladh)) of Lo
Nalaall e Jpanll (1)JSE0G mungally dadhll  SlSall z3gal)l duhal dalall cluhall e adias
3]l Blre Gulsis e A8 g Aagianall ASjal) o LT Aadl) AS5a ol Al dpualy)l

x(7)

m

) A e (B Aad ) Japdadl) JAall 1(1)JSdd)

(3)(2)(1) Ll cyalaall o dadhl) Cast ) N aladl) 55Ul
F, = (M+m)¥ +mild

1)

16+i+gf8=0

2)
F, = mif —mg
3)
) Jsha il Apall 835l 58l oF,
AsayY) dgilall gl o g sl b s sall 34l
cJasll e Ayl 5l 6 gyl ALK M
el sl 3 16 cJaall A€ 1m

212



Tishreen University Journal. Eng. Sciences Series 2013 (8) 23all (35) adaal) dsusigh aslall @ 0050 daala dlae

D oD Jlaall B 4Gl e alaal) Jiia
Aol ASY) AW Jliel 5 GO Jisad aladid 2 § Jlaal S (3)5 (1) ol Jial
SIS e ) ilalea) st L 5 jiual
F.(5) = (M + m)s*X(s) + mls*6(s)

4)
1,5'25'[:.5':] +.5‘2X(.5‘:] —|-g5|[:5:] =0
5)
p IS Al 5 il aliledl Cas i Bale by
X
8(s) = _f : (=)
=+ g 6)
1s%8 I
X(s)=— . (Ejjg (s)
5 7)
0 G365 Al 05S(7) 5 (4) Ol gt
X('S'j _ L‘S‘z + g
F(s)  mis*+s2g(M+m) 8)
G365 Al 05S5(6) 5 (4) il ponit
8(s) 1
F;(Sj_misz—g(m+m) 0

Sle &5 Casw aSall f of Bang Coast Bang alai (A (e &5 Cagus Axdhll () (i Chgass
tda)ye DA

(Rmse gt da) &)l Al ya

(psdne golud) 440 Aoy A ja—

(Aalls gl Aal) shalis Al ja—

Gl 138 8 (i Chgay dae (o) IS Badas Ailue akai o camgy Ll (o Aiipe Appad) (o Lays
20 M Leadad caalsll dalicll—

20 sec Pla daluall aad iy
(2)Jal 385 a3l AV gLl 5 el 5 acagall cilladada (68 AL

213



By Jaadl za (ge 2all diaigal) ASjaiall cladlll 48 jay Saill gl luall PIDASAS allas apass

20

10

position

20

velocity
1

(]}

10 12 14 16 18 20

o
N
o
m
om k-

o
n

acceleration
o
T

-0.5 L X
o 2 4 B =] 10 12 14 16 18 20

Time

Cradl ATy Al al) 8 Adaal) £ ludll g s judl g ABluall Ciliiada 3(2) JS&)

:(PID) At} Lalsill ailisl) aasal) dufs(2

i G chlmaY) (e and) by deadl sl e aall ] Aaplall a Jlad aSai aUs araal o
Axdbll b e

Dl e iy 0e @illy (PID) Ll Lol il aSaiall Jyeaill Al (10) Adled)) maass
[2] a8 Aala]

Ge(s) = Ke + Ki/fs+ Kps
10)

i) zepl) oyl Ko

el eyl i K

bl ol i KD

(3) S (385 allail) ki ()5S Ayl pinsas aSaiill PID aSavia dilaly

214



Tishreen University Journal. Eng. Sciences Series 2013 (8) 23all (35) adaal) dsusigh aslall @ 0050 daala dlae

@ned_smnal 2
Signal Builder1
=
50 Scope
_\—b Load Mass
Constant2 X_Head :]
5 Cable Length "
Scope1
Constant3 ThetaX
VaX
y
i PID Crane_subsystem
Position PD Controller
(Al
4 al) gl gy aSaill PP aSatia ga Uil babia ;(3) J

Al sl Ll s "Ziegler—Nichols' 44k aladiuliy PID aSadiall § e

sshall Allal dalull 2l Al & LUl dlsi) o 5 K= 1505, Ky = 25, KP = 20
(4) JSa daim se Lpaalsl

14
i - Position Ref
[ o PID Case 1 (Kp=150 Ki=2 , Kd=20)
----- PID Case 2 (Kp=250 ,Ki=3 ,Kd=2.5)
1.2
l"‘\
1 —
1]
I { PIDCaset
N 7
— L 3
" | PID Case 2
5
=
<06 !
0.4
1"
0.2
0
0 1 2 3 4 5 6 7 8 9 10
Time [Sec)

Loaa 1) 3 ghadl) ANl AUALY Al 1(4) JS&

ase Cun e aldaill Alatinl dagig (2) JSEIL maagalls el AV Adluall aie Gaadaly a8 Y
p AUl ISl (385 ) ()6 s Bl Ayl 5 Aadlyl

215



s Jaadl za (ge 2all diaigal) ASjaiall cladlll 48 jay Saill gl luall PIDASAS allas apass

25—~ = — — — - — - -

—Pos Rel
..... Cart Position With PID
20 ¢
~ 15
E
[~
o
8
§ Pos Ref
10-
Cart Position With PID
5 4

0 B 3 4 6 8 10 12 14 16 18 20
Time [Sec)

(2)Jsdd) (3hg danall jluwall (385 Al 4ilain :(5) J

(6) ISl 3 mamse allaill alad) Jaladidl) 568y Jand) oyl gl aSaill PID aSaia dilaly (V1

@ned_&gnal 2
Swing PD Controlier
Signal Builder1
w5 ::Ii.lIl
50 Scope
L Load Mass
Constant2 X_Head |:|
5 Cable Length g
Scope1
‘_'\ Constant3 ThetaX |—
* VaX
4
: PID Crane_subsystem

Position PD Controller

g0l 4913 5 pdagally PID pSail) allis pa aUail) lalada 1(6) JSU)

Ll s el A5l (aladl PID Jasie 5yledl "Ziegler—Nichols' iyl aladiulys 4lie JSos
K, = —20,KP = —500 4 .a

allat (50 AlaiaV] pe A3 lie Tl saasal) Ja) 5ylay Hlaill Llaiad o5& by, K = —100,
(7) ISl A g eyl Ayl oS

216



Tishreen University Journal. Eng. Sciences Series 2013 (8) 23all (35) adaal) dsusigh aslall @ 0050 daala dlae

Swing Angle [deg]

25’—

15

10

— without PID ’
----- Anti-swing PID

without PID

Anti-awing PID

-
. .

. .
ant

2 4 6 8 10 12 14 16 18 20
Time [Sec]

Jaall ma U 4yl ACPID aSaia ALl il ;(7) Jsid)

& ) plall las) ay g [4]deal manl Ayl e 355l delsall aal e diadl Jsba o L
Sy Apall pmgas Joad) mali Ausly (o dlly Hal alads Zashl 3 sl Johal dilida o8 v (6)JS)

Swing Angle [deg]

20—

-15

(8) IS A g il ()65

L4m

10
Time [Sec]

diadl skt (1M,2M,4M) af ais (a3l ANy Jaad) a U 4y gl 2(8) JSd)

217



s Jaadl za (ge 2all diaigal) ASjaiall cladlll 48 jay Saill gl luall PIDASAS allas apass

() badall Ll LalSil) ulial) aSadiall Aufs (3

Jalsil) anlil) pSaid) g gyl e bl aSaiall ey & GlY) 0 ) et Alglad
Al 4ed e dbilad) o (PID) Lualil)

(el Aailly Al Aail) Gn @A) Uadl) o bl plas J23 ()6 Cua

amge oSl 1agl alal) Labaaall o€ Mallyy oSl ol sa zally(lasll guag)laall juss Jaasy
(9)Jsal,

(D) PIDIS)

In1
PID Controller +

Go (D

Out1

0.1

Gain3
Error Gain Add
Fuzzy Control
P! du/dt b

Derivative Delta Error Gain

(i) LalSil) (analil pSaiall a gl (sibseall aSail) Ui s 3(9) S

(10) ISl (385 aUaill alall Jabadiall pesnay ML

—{ Ot n
@!_ = il e Conbier  —— e
ke 0 b
< idart —_— I—b Load Mass
Sigral Buider Lozd Mass X Heat ‘ :i D
I e — L l
|
f!\ Cable Lengn Toat) .
"Yr X
(jk Crare_subsysiem
\%H ot Out foo——’
’ Pastion Confroler

el Ay )5 5 gdasally ) (sl PID aSadll (allid s pUATY) Jakida 1(10) JSY
(13)(12)(11) ISV G5 pumsally olsall aSaiall 2 ally Jaall (e ISV e L) i 5809

218



Tishreen University Journal. Eng. Sciences Series 2013 (8) sasll (35) alaall dsusigl alall @ (130 daala dlas

. , ,
>

b Mreaning toirce gy 255 | "
Cygmi—— z '
o
XX
S
N i n--u—..f;vlw L "

lasally bl aSatall Uadl) Jana J30 L) @) 55 1(12) L&

219



s Jeall i (o 2l Hiaigall A atiall Ciladll A 5ms Sl (gl lpall PIDASAS i ppans

g ol
15 Vbl s e Ll 3
N H »
A
L
e

3]

@ gally (lual) aSalall A plaii) agl 6 1(13) JS&)

(16)(15)(14)JSY1 G5 maplil Ayl abaall aSaiall z5ally Jaal) (e IS 6 L) w5859

—— e e o ST | -
Qs PN A A A S

gLl Ay gy (alasall asadiall Uadd) JAA1 oLl al 3 1(14) JS)

220



Tishreen University Journal. Eng. Sciences Series 2013 (8) sasll (35) alaall dsusigl alall @ (130 daala dlas

ol gl (ladal) aSatiall Uadl) Jura JAA pLaiiY) &l 63 1(15) JS&)

.—'I L

e ~ z rs .

T L) s alsall aSadial) g A e LY &l 55 1(16) Sl

221



259

Jaall mafs (pe 2all &icigall ASyaial) Ciladlll Ay aSaill gl olacall PIDSaS Ui asarss

Position [m]

Swing Angle [deg]

25

I

| m—— Position Ref
++++ Cart Position

20

15
Posltion Ref

Cart Position

10

10 12 14 16
Time [Sec]

4 o)) plaga e Hybrid Fuzzy PID aSaie 4dla) il 1(17) Jsa

18

20

25 - :
— No Antl-sway

[onsss Hybrid Fuzzy PID

15

10

5 No Anti-sway

Hybrid Fuzzy PID

0 2 4 6 8 10 12 14 16
Time [Sec]

Jaall ma U 4415 A= Hybrid Fuzzy PID aSadie 48l il 1(18) Jsill

222

18

20



Tishreen University Journal. Eng. Sciences Series 2013 (8) 23all (35) adaal) dsusigh aslall @ 0050 daala dlae

(19)JSal) 3y itisll (5% Juad) Jslal ddlisa a8 die alaill HLsa) ehalss

daall Jshl (1M,2M,4M) a is a3l ANy Jasdl gl 43915 1(19) Jead)

. K.E)M‘("-
ol ANy Jaall eyl mag sy (20) 0D Laal iy Al bl o A3ylaally
2l Ayslys Appal) s (4 JSI Hybrid Fuzzy PID 5 PID aSais alaaia) alla é el

25
— NO Anti-sway
- PID
- Hybrid Fuzzy PID|
20" e == —~
15
No Anli-away
? 10 PID
% 5| Hybrid Fuzzy PID
g
&
4]
-5
=10

12 14 16 18 20

10
Time [Sec)

Ca ) A Hybrid Fuzzy PID aSaiall g PID aSaialldlla & Jaall a5 49l 1(20) Joid)
S Jsanlly B Lae JS Gl (S

223



By Jaadl za (ge 2all diaigal) ASjaiall cladlll 48 jay Saill gl luall PIDASAS allas apass

Hybrid .S~ PID aSaia
Fuzzy PID
24 Sec 21 Sec gl A Jpadll (1)
05.3 iay0 13.2 Jeall ol dy))
0.2M 0.1M (5) oSl e 20 Secilaalll vie snaall puagall G5l il
(17) s
1.22 M 0.39 M (17) 5 (5) oSl (e sanal) lsall e glas acil
3 Sec 8 Sec Caagl) Al Jpagll any Jaall hsial 2D el
Sy il e oS Ll Jaall Jsla juss il

Hybrid Fuzzy PID aSaia § PID aSada ¢ 45 Eal) 1(1)J 9%

D Gluagilly clalitiuy)

Lol ol oSl il ilylay) oz i) Wiy cpsallatll G 4558 G @2y (1)dsaal e
e (PID)sadail) Lalal) Lalill ulsl) oSaiall ae 453liall (Hybrid Fuzzy PID) slbuall Ll
Sl Ja)

ralalady) -

Aasl) (ool iy (43%) 2302 Ay (51 353 13.2 () sl el gl oml (mias ) ool v/
(PID) il Lol Lokl aulsl) aSaiall 3 (77%) e85 Aty (5 4500 5.3 ) daall a0

B Jalal) Jeadl ol s 550 e QWL i) oSaial) gl v/

ralulld) -

oS il WSty Ajlie danall Cingl (Y Jpeasll ST ey () el aSaiall £lisg vV
.(PID) gl Lali)

Gl il Sl g Aijlie paadl) (o ST Bpa i lagan ST - gl LUsil) s v/
(PID) gl Lali)

el JelSia el apanai] 5V sshall Auhall o3 e lgle Jsmanll &5 ) bl lie) oSay
@il Jeaad) 5L G culaihll 4 ol Jlea) syl 4 of Lo ciladlll 8 (DY) eV igaa
g ding B alad (S

224



Tishreen University Journal. Eng. Sciences Series 2013 (8) 23all (35) adaal) dsusigh aslall @ 0050 daala dlae

T
[1] Omar, H.M, Control of Gantry and Tower Cranes.Ph.D. Thesis,
M.S. Virginia Tech, 2003, Pages(63 — 67).
[2] Wahyudi and Jalani, J, Design and implementation of classical PID
controller for an automatic gantry crane system, Proceedings of The International
Conference on Recent Advances in Mechanical & Materials Engineering, Kuala
Lumpur, 2005, Pages(10 — 13).
[3] Yoon,J.S. el, V%rious Control Schemes for Implementation of the Anti-Swing

Crane.In ANS 6 Topical Meeting on Robotics and Remote systems,1994
, Pages(20 — 22).

[4] Rahman, E.M.A., Nayfeh, A.H. & Masoud, Z.N. ,Dynamic and Control
of Crane: a Review, Journal of Vibration and Control, 2003, Pages(30 — 35).

[5] Lee,H.H., Modeling and control of a Three-Dimensional Overhead Crane, Journal
of Dynamic Systems, Measurement and Control, 1998, Pages(20 — 25).

[6] Chi-Cheng Cheng and Cheng-Yi-Chen, Controller Design for an Overhead Crane
system with Uncertainty, Control Eng. Practice, 1996, Pages(46 — 48).

[7] Wahyudi, Sato K. and Shimokohbe A., Robustness Evaluation of Three Friction
Compensation Methods for Point-to-point (PTP) Positioning Systems, Robotics and
Autonomous System, Elsevier, 2005, Pages(2 — 4).

[8] Wahyudi and Jalani J., Robust Fuzzy Logic Controller for an Intelligent Gantry
Crane Systems, Proceedings of The First International Conference on Industrial and
Information Systems, Kandy, Sri Lanka, 2001, Pages(50 — 52).

[9] Soheilirad, M., Ali, M., Ghasab, J., & Sefidgar, S., Tuning of PID Controller for
Multi Area Load Frequency Control by Using Imperialist Competitive Algorithm. J.
Basic. Appl. Sci. Res., 2012, Pages(5 — 7).

[10] Y.-T. Juang, Y.-T. Chang, and C.-P. Huang, Design of fuzzy PID controllers

using modified triangular membership functions. Information Sciences, 2008
, Pages(80 — 89).

[11] Akbiyik, B., Eksin I.,Guzelkaya M., Yesil, E., Evaluation of ThePerformance of
Various Fuzzy PID Controller Structures on Benchmark Systems, ELECO 2005,
4rd International Conf. on Electrical and Electronics Engineering, Bursa, Turkey,
2005, Pages(55 — 62).

[12] Er, M. J., Sun, Y.L., Hybrid fuzzy proportionalintegralplus conventional derivative
control of linear and nonlinear systems, IEEE Trans. On Industrial Electronics,
2001, Pages(60 — 69).

[13] Alam, M.S. and M.O. Tokhi, Hybrid fuzzy logic control with genetic optimisation
for a singlelinkflexible manipulator. Eng. Appl. Artif. Intell., 2008, Pages(90 — 97).

[14] D. Misir, H. A. Malki, and G. Chen, Design and analysis of fuzzy proportional-
integral-derivative controller, Fuzzy Sets Syst., 1996, Pages(20 — 33).

[15] W. Li, Design of a hybrid fuzzy logic proportional plus conventional integral-
derivative controller, IEEE Transactions on Fuzzy Systems, 2008,

Pages(100 — 120).

[16] H. R. Berenji, Fuzzy logic controllers, in An Introduction to Fuzzy Logic
Application in Intelligent Systems, R. R Yager and L. A. Zadeh, Eds. Boston,
MA: Kluwer, 1992, Pages(102 — 105).

[17] S. Tzafestas and N. Papanikolopoulos, Incremental fuzzy expert PID control,
IEEE Trans. Ind. Electron., 1990, Pages(40 — 47).

225



