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ABSTRACT

Predictive control is a very practical method that obtain the current input that minimizes the future errors of the
reference command and state by use of the predictive model of the controlled object, and can also consider the
constraints of the state and input. Although there have been studies in which predictive control is applied to mobile
robots, performance has not been optimized as various control parameters for determining control performance have
been arbitrarily specified. In this paper, we apply the genetic algorithm to the trajectory tracking control of a mobile
robot with input constraints in order to minimize the trajectory tracking errors through control parameter tuning, and
apply the quadratic programming Hildreth method to reflect the input constraints. Through the computer simulation,
the superiority of the proposed method is confirmed by comparing with the existing method.

FIYE 1 ol d2Aol, AnE, $AARLE, Aojsiztule
Key word : Mobile Robots, Predictive Control, Constraints, Genetic Algorithm, Control Parameters

Received 29 August 2017, Revised 01 September 2017, Accepted 25 September 2017

* Corresponding Author Jin-Hyun Park(E-mail:uabut@gntech.ac.kr, Tel:+82-55-751-3386)
Department of Mechatronics Engineering, Kyeognam National University of Science and Technology, Jinju 52725 , Korea

http://doi.org/10.6109/jkiice.2018.22.1.9 print ISSN: 2234-4772 online ISSN: 2288-4165

@This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/li-censes/
by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © The Korea Institute of Information and Communication Engineering.



SR B ELISHS|=FX|(J. Korea Inst, Inf, Commun, Eng,) Vol, 22, No, 1 : 9~16 Jan, 2018

I.M E

23] i AT 4o THES| A

QY= T ek ol gL
& o] F A7 o]
Q1 A Aerel Al 2] 2o ol

O} F R Q1T Hofoliz AJZH R ZHEAIA, X512
g, 7)ot sejst Bel SARe] ol k. ol
ol gmyio] FAAolo] a] W AT{2-4]7 Xl
o] sroit ojFme] Alee} Qlzo] Rate] & ke

7V % glonm A A3 0l Aol webd 4 9)
o 3hH o Alol e Alolthe] S m L o gte]

71 o] v LS J5stal 2487
= A dge Fobd, Aot Yo At 1
A 5 Sl i AEA Y otk {3kt oS
ZhollA mlE L2FS HasHA7]= Al &S 5t
I TFollA A WA kS ARGl Aot o
23t 242w AlojAltate) RS o SA o= Al
o}/dFol kATt AR ALkge] wgsto] o
YA o] Sto] ofF 7 A|AHlof| == 2§
| ATHE]. L2y e st=glof o Y ® v 4t
oF At AAIZE X 27t 7k ste of| wheh =R
o] W2 A|AFo | SA o A& AF7F XY E
I QIEH6-9]. AAZEO.= o] FR RO o SAo1 7} H-
g Hk lsleut f=o] Algtxie] A A e r 1y
A FRAL 7 Alo) 52 AAsh= o9 Ao uletu]
El5o] doz AR wet sl A3t A| St
SEH8]. Alof st g 5 7|Erdof el uletu|E
of thall Z3tA7= AG7E ey dAIR=
= AA g ashA = ZSHATHI

2 Aol JEARt RS 2 ole =R A4
% odlSAlofoll AL E[10]S A5k Ao} up
ghlE Fde 3l AXFSeAE MRtk 4
o] AlRtz=E wkgstr] fIsiA 24 ST B olA &
G AIZE TRFe] HHR o} BALS Folof 5tu] o] 2 93]
quadratic programming-2 Hildreth ¥H[11]& A}M&-SH
ok f8k A7k PRl A 9] Aok AT 11 A W
A Aol S o] re] Yukmel sjHzEE
Yoz Zejstn, olejst oJF R vh7Ie] S

=0
%):E_’C_‘

10

RojA 28] Lz o 2 WskElo] Ql7hE| L 2w
ol 517 Hck 7FE AFH o HE Fo & ko]
A ARk Ao o] S48 712 Wi o] At v
o] helgiet.

I, o|ls2Xe| 7|+71et Mgst

3% 13} 2L A5 7EE o5 mue 77
8h9 8P4 0.2 Upehiich, o] 5 0] KAl 213
o] 2 mApsEoL Zw s Lhebd 4= 9lck

g=lz y 01" 1)
oA zty+= ol 5=

0 o) FR o] [ 2

TAFHNA o)1,
=
=

Uehaiey,

Fig. 1 Mobile Robot

2(1) 9] v ol s= 5
I Zro] A H

A

cosf 0
[
T 0ot wis 27} o) FREY Ao} A EE 1
Epich.
a9 20l4 N ERET AR oA
AAzE ZAuANA HIF AegEHex
e(t) = [e1(t) ey(t) e5(t)] "= 2)(3) 7} o] HrH8]



Reference
Robot

Reference path

%

Fig. 2 Robot following error transformation

cosf sinf 0
e= l— sinf cosf O} (¢.—¢q) )
0 0 1
A7|A ¢ 7|EERY AN o)A, g= AAEZY
Ajolct,

29 2014 7)) Holo] wet 7] ERK0] 7]
274 2HoAE QAT AARre NEdR 24
938 ATk e Aojdae o] HgEo] A
AR 50| 7|2 % 34 2 47} 2 4hwofof Fhet.

(22} (3) ol A The AL 78 5= IeHB ).
coses 0 " —1 €y
e=|sine; 0 L)T}-i- 0 —elu 4
0o 1" 0 -1
71 u=[v 0] T HEE 9 &% ¢ wE
otk 2io] e gJe] W] uiz 4](5)9} Lol WEZ

9= AP, of TEw Y uy, o Fow e 4
olct.

()

Up= [U,,Cose3 wT] T%

1, g=y g

=

T3

11

HgtEZIE 2= 0IS2RO| RHY 2| S| st o FHlof
% gt
0 woO .0 -1 0
e=|—w 0 Ofet|sineglv,+|[ 0 0 |ug (6)
0 00 0 0 1
Q412 71274 gl ARBAIA, ko] Al
2EE AL 2 9}
0 w 0 -1 0
e=|—w. 0 v.let| 0 0 |ug (7
0 00 0 -1
A2 e= Ae+ Boug 1 A 53 FEfoltk Al
/\6] 6‘3% B(: A(:B(: ALZBL]JE ’UTE} (U,.O] OO] O]—‘é uﬂ fU”
rankS 283l o] wf Aloj7Hssteh o] 7-9-ofl smooth %
H wlEwo AAuS AgskAzlE Ho] Fhsal
[8,9]

. OIS2X oIEHIo7|24

3.1, oiEHI07| T+
HAFA e ATt dSA7IE A f8f A%

T =

AIZEA(7)E olAtAIZEC 2 i ghsfof gk

e(k+l)=Ae(k:)+BuB(k:) (8)

o]7]- AER"XR", BER"X R™& oliggo|
o, nI} m-& ZkzF AeEae] Aot 9l o] f4s
UrEhdlict. o]ikelE A, B offok 2t

B=BT,

c— s

A=T+AT, ©)

o oloF efvl7F sk

>
@
il
-z
)



SR B ELISHS|=FX|(J. Korea Inst, Inf, Commun, Eng,) Vol, 22, No, 1 : 9~16 Jan, 2018

F:[AT (A/\>T]TeRn-N><Rn7
B 0 0
G= AB B 0 =R AV>< R™ " ,V’

ANTIp 4N-2p.. B
Uy (k) =luy (&) - uy(k+N—-1)"1"€Rrm " Y,
N-2 prediction horizono|t}.
NEEAOAE1=i= N i of A ok

T} o] A oJgih.
e, (k+i)=A'e(k) (11)

9ol 4,2 7)2md Yolm ofo uhe} 7| 254
X7} grasA ek 7% FAeNE WE ez
b,

E(k)=F.e(k)

T T

(12)

o E(k)=le,(k+1)7 e, (k+ N)]TeRr™ ",
E» — [(A’)T (AI{V)T}TER” . AVX Rn
mdloEA| o)) 71 EIEL, ofF AJZF 7 ofA] 7]
FFH oAt AA 22X O] d&HF ool AlolE
FHA43)5l= Flot) o3t mdldEAo]= o} oA}
2lo] A3tz T3 4= 9ok

HU,) = (B -EV'Q (B -EV+U'RU,  (13)
Q 0 --- 0 R 0O --- 0
e O A A A Ok
0o 0 -- Q 0o 0 --- R

aeRn . N><Rn . N7 Eeﬁm . AV>< Rm - N
o] Fejolnl, 717} ARl 2Ae} Aol digt 75 o
w1zt
A13)2) A0, S 1,0 Tt oA e Watel
oo} 2k,
1

HU,)==UFSU,+HTU,

: (14)

th 5=2G67 Q G+2R, H'=—2(E —Fe)" Q G, Ao

[v(k)]: [v,,(k) C(Zz)eg(k) N

Rlojel2le] 54y RS
3 — Uy = v(k+i) < Vpax v~ Wyax = w(k+1)
7h st okt ol Al Ao Ed E 4

Hol1<i<

=g (k+i) < —upgy i, () =v,, v, (k+i)cose, (k+14)

g (k1) < ugya () =0y, —v, (k+i)cose, (k+14)

— gy (k+1) < —ugyni, (1) =wyp +o, (k+1)

Ups (k+i) < Upmax (i):w.wx*wr(k'”)

MU, <~ (16)

]1:1___, AIERZW . AV>< R™ " 4\'7 ’YERQm . A'. tq_a_}\ﬂ _(')_‘]vo/] O:“
ZR)| o] EA| = o2} Z+-& quadratic programming 54|
= 7)zkgc

N 1
Minimize J(UB):EUBTSUB-&-HTUB

subject to MU, <~

o A2 x| bk} 9] B4 2] 8 S Hildreth HP[11]
o8 PR U, o) A WA 84 u,(h)E o] FR5]
Aol om ALgste] al&Alel7]E g 1d
ul $19] d|EA ol EAI 0] S 71ZRY 4 3 Q& o
ol AAE B R $ALRLEE o8}
o 4. Q.1 o YA HHe| Aol ol To] Y
A} gk,

32, 7 ¢z B0 olgh 21Xz}

oJFREE ZAol7|oN Aol A ol
7) 9l VEREA 4, AA5S fAYTEoR




HSHZEAS ZH= 0| 5220l fFigtmE| S| of5 o SH|of
Genetic
" Algorithm
Reference | 9r + __. Tra_nsfor}‘amation e Quadratic ug N Mobile q
Path . ccl)grrcﬁng%es Programming + N Robot [ -
- L / + Up
Feedforward
inputs
Fig. 3 Block diagram of the system
AQztek A7t Ao olmio= Alojdgo] ofu  E} JEIF FQX] o} AA| A|AHY| v LA A
3F Q] WollAuk EAgch= AFS TefsbA] FaL o 88 4= Stk Aol it EI R ¢aEE2 V|
SA7E vl W& ZHHEHA g LR AT E sl o' A4l o8 g HukS gt
2 =529 AE5A 7] AAA AojdEoe] ojujst ¥ = A3 g Folxl B F YiollA] B e e
A Hol Mgk E2Agct= AMES Tefste] L= o] o] ofE] HEE FAlol Hret AnH o R HEA
o] Hojds2 7|Enddd 4, I Q RO 94Ee] AR YItEE HY & 3 7MeAdol wrh 18
A A=Y HAA o] EAR A S 9ck. HA FaEEe SR o® A EA o] okd g
TLeju ol gt BA - EEh ujA g Aolo] wer  EA el S8 WS deteg 2 Sadef Wk
Aoz dubd HAAojo|Ro R djAsly] ojgrHe]. 7Fe8ol Atk Al dirEE2 olil AEY R IY
=Rt g ugEor Ja] gzl & H HEuE St A o HekE sk ol5S 29
HAA &S Agato], o] ERio] 7|2 AL 7Py S AT|ER B2 HEE Sl R =L v A
2 ZA 51 Bk of| Z A o] 712 LA gith tubch o2 G AR tiel W A9 =4k
S GuelEe A 4o fAste] AT & AW 4 odm BHoR A s FUT e
HE ol Aol A3 el oan &5 7Hed= 7HAAL 9l
Wk AR A AIA ] AR S Bl TS Zl2ndyd A3 QrYPJEES 1 gag
S AR Yo 2 280 7 At sl E & S AMA & SR AAgsta 1o gholl wet
ol7b= A3}t 7HE shtelty 41 gl ‘. Z|EAAT 2R YA 2ol o5 HA4TleHE
S AES FolA opfet 340 Agdo = dopd e 3T o] o A= = f= A(A7)H Zol
=th"= Darwin ] ARAEO| 2 7[R/ o2 sl P gttt
1960 tj John Hollando] o]3)] W9l o, 1o &1
sho] gyt o 2= A AR =L A gE o] £ f=YlC @ -2’ +Cy, —y*+ GO, —0)?] (A7)
t}H12]. John Hollandell &J3f| 7]+24 7id 9 =514 7]
Z7F EEglon, O 5 ofnx] ZRAAY, AAF 4] .
5 AS1e) A 5 ofel wopel g el 1§ 71 G G GrEHEAE ehis:
= = (e R =170 T _ N PR
TS dFSIAh f8 AWEe AL gepe /19 2R FATEZIEAH) A Seees
Yol Al 1L ol FUES A wrg Agn w0 §F A AR clesns ymons 24
s=  dol FEAT 0o el FA UL A2 Hol7] wiel

i)

v

Sul R bsa 2 Aokxro] gl AP o]9)] 7]

13



HEHESLEE=EA

o) 7% a4 T
wyoz Tysgon RO ST 71 7H ¥
= m =0.6kg, R=3.75cm, r = 2.5cm o[t} AA| -
5 2RO 7] 9AE [z y ol =[1.1 0.7 n/4]o]x
THape] 1% 238 otelo} 28 A4S uket 2 ol

2t
=1.1+
T, 07s1n(30)

47t
y, =0.9+0.7sin( 30)

0] 714 AJZFt= 0% 4] 30%0|th AEE Huz=
Vyay =05m/s 0|2 ZFEE A= wy, ¢ = 137ad/s
A4,QR o3 Aufj=w

ojtt. dEA 01719 A
A4, QRS AP E R A3k

16 Reference path
B Trajectory tracking(MPC)

yIm]

. =[0031121  0.52456

0.2 P

i L i L L i L i
02 0.4 06 08 1 12 14 16 18 2
x[m]

(@

uy [msec], u, [radisec]

Time [sec]
(b)

Fig. 4 Predictive controller with unoptimized parameters
(a) Trajectory tracking performance (b) Control inputs

14

|(J. Korea Inst, Inf, Commun, Eng,) Vol 22, No, 1 : 9~16 Jan, 2018

U

a9 4= 2 =79 111110171 =5
fI5te] o SA|017] et e E A dare
ShA] ¢raL, 710 WS, 9, 12]01]*1 AAE ¢
A, =065, 4, Q=diag(4,40,0.1), R=10"°L, , =
A3} o ZA 071 S TEAS wje] Atolct,
% A@@)ollA mEol 7IEHAS FATS HoF
I ek 21 4(b)oll A 2 Alejd o] Foixl e W
of EARE Sl 4= Stk = §1A] AEE52] sum
of squared error (SSE) & of|&A|0]7]9] A5 AHA
© 2 Upepj okt 2,

SSEype =

[N, —2)2 Yy, —y)* D0, —6)7]

=[0.031121 0.52456 2.0302]

FollA 71Eme A, 3} 7153 FEQ Q, R
zo B3 2A3A7]7] 95to]
959 ot 2 X HEA A4 ¢
o FALTHZ Ao 4
200, Fre] 7HA] 4= 200, A& 0.8, E‘I‘&‘"“g
ah2 glstel 2.3l 745

$o 2

10 N rlr flo o

J10]o.2 A 95T}
e gAY EES B A FUE ER
Q@

RO gr& e ik ol

A, =diag(0.0129 0.3299 0.2734)

Q = diag(7.9872 53.8743 0.1280)

R = diag(0.0018 0.0005)

I% 5@ M 23] 7IEHAE 1
wep w2 g AL w2y
SSE,, =10.01328 0.51321 1.9813]0]H,
SSE7} 7FA3t AL BHold) 4= ¢t} o]= S AT E|=
o stehu|EES B2 tRolck 13 5(b)o
A 71 4(b)ell Mt 2ol 7 Aloji o] ol el )

of) ZAITHE Bh1at 4 glch

H 4(a)°l A
ot 18
o 1 .}

EE



Reference path

Trajectory tracking(GA)

y[m]

0.8

061 7

04f

(. =10.01328. 051321 1.981

02

i L i L
02 04 06 08 1 12

uy [misec], u, [rad/sec]

. i
15 20 25 30
Time [sec]

(b)

Fig. 5 Predictive controller with optimized parameters
(a) Trajectory tracking performance (b) Control inputs

v.d B

oJFE I dlZAo)7] Aol e Aof shebu]e S
o] ofa) XHjEle] oj2lg Alo] Tetule s AR
o AAsHeY Be olelgol Yotk B ioly
YAFEAL e o2 dlZAlol7|e] 8 A
of wtetnlel e Y|2mE WY 4,7} 7HEA WY QR
2 gAY FOR Fdste] AHEE oXE Ha
asteict

A Agt=AL vt

=
=

=3
Ev‘l‘o

AEH

Ast7] Qs 2t ehelut
t} quadratic programming-2 Hildreth HH 0 2 Zof A
F2 AN T 3 A Aol o) 5 R
&5 ol J|AZIEE By o g ZEsir) 181l o]
%ﬁEQOFEEW%AAEﬂﬂM*ﬂA*EW

goz geiua Alofsic AHE ARl HS B3

i

15

HEtZZIE = 0IS2Re R L 2B 25 6 EHo

B a=RA AQHE Aol ] g Bele dt 7]
Zo it $43S shele 5 Yok
ACKNOWLEDGEMENTS

This work was supported by a 2-Year Research
Grant of Pusan National University

REFERENCES

[1] K. M. Lynch and F. C. Park, Modern Robotics: Mechanics,
Planning and Control, New York, NY: Cambridge
University Pressr, 2017.
R. S. Ortigoza and J. R. Sanchez,“Trajectory Tracking
Control for a Differential Drive Wheeled Mobile Robot
Considering the Dynamics Related to the Actuators and
Power Stage,” IEEE Latin America Trans, vol. 14, no. 2,
pp. 657-664, Feb 2016.
K. Shojaei and A. M. Shahri, “Output feedback tracking
control of uncertain non-holonomic wheeled mobile robots:
a dynamic surface control approach,” IET Control Theory
and Applications, vol. 6, no. 2, pp. 216-228, Jan 2012.
Y. Wang, S. Wang, R. Tan, and Y. Jiang, “Motion control
of a wheeled mobile robot using digital acceleration control
method,” International Journal of Innovative Computing,
Information and Control, vol. 9, no. 1, pp. 387-396, Jan
2013.
[5] E. F. Camacho and C. Bordons, Model Predictive Control,
London, UK: Springer-Verlag, 2007.
[6] D. Gu and H. Hu, “Receding horizon tracking control of
wheeled mobile robots,” IEEE Trans on Control System
Technology, vol. 14, no. 4, pp. 743-749, July 2006.
S. Akiba, T. Zanma, and M.
control of two-wheeled mobile robots based on model
predictive control,” in Proceeding of the 11lth IEEE
International Workshop on Advanced Motion Control,
Nagaoka, Niigata: Japan, pp. 454-459, May 2010.
G. Klancar and I. skrjanc, “Tracking-error model-based
predictive control for mobile robots in real time,” Robotics
and Autonomous Systems, vol. 55, no. 6, pp. 460-469, June,
2007.

[2]

[3]

[4]

[7] Ishida, “Optimal tracking

[8l]



sh=a8M 2 ELSHS| =FX|(J. Korea Inst, Inf, Commun, Eng.) Vol 22, No, 1: 9~16 Jan, 2018

=l

[9] H.S. Son, J. H. Park and Y. K. Choi, “Predictive control for Implementation Using MATLAB, London: UK, Springer
mobile robots using genetic algorithms,” Journal of the Verlag, 2009.
Korea Institute of Information and Communication [12] J. H. Park and Y. K. Choi, “Control gain optimization for
Engineering, vol. 21, no. 4, pp. 698-707, Apr. 2017. mobile robots using neural networks and genetic
[10] C. T. Lin and C. S. G. Lee, Neural Fuzzy Systems, Upper algorithms,” Journal of the Korea Institute of Information
Saddle River, NJ: Prentice Hall, 1996. and Communication Engineering, vol. 20, no. 4, pp. 698-
[11] L. Wang, Model Predictive Control System Design and 707, Apr. 2016.

X" THYoung-Kiu Choi)

1980 22 MECHEt W T7|Sstnt ZEAt
198244 224 KAIST &7| & MAKZ St} 2t AL
198714 22 KAIST &7| U MAFZstn} Zstatab
1986 ~ BixY 2AHSlm &7 |2stnt s
5 POk 2RH0], R|SHo], AlZs|2Y S

HtXIS(Jin-Hyun Park)

190044 28 SHAICHEH T | 220 23}
19941 2% HMEHDH ChetEl IS ein Bot
=

1997L4 38~ 1999L4 2% #A_r AMECHSH M7 | A MUZAL
19964 72 ~ 19974 82 Dept. of System Engineering, Arkansas Univ, at Little Rock, Visiting Scholar
19991 38 ~ Bix} ZetTep |SCEm Hy|ERHA TSt} ms:

x PAlRok XISH|o, 2EEIA, MoAS

16



