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Tight Path Following PID Controller for a Vehicle with Time Delay

Ihnseok Rhee*, Sanghyuk Park** and Kyoung-ho Lee**

ABSTRACT

In order to complete missions in a complicated terrain or highly dangerous area, an
unmanned aerial vehicle(UAV) needs a fine controller to precisely follow the desired
path. A PID controller used for the path following feeds forward path curvature
information to the control input to improve the path following performance. High
gain for PID controller is necessary to follow path tightly. However the high gain
could cause instability or performance degradation when the vehicle has slow
dynamics. We present PID controller design method which considers response delay of
vehicle as well as path curvature. In order to obtain path curvature the desired path
is described as a 3rd order polynomial by applying cubic spline interpolation. We
apply the proposed controller to the path following of a UAV which is operated in
high altitude and has very slow lateral dynamics. The lateral dynamics are modelled
as a first order delayed system in the controller design. Nonlinear simulation shows
the UAV with proposed controller follows an arbitrary path very tightly.

= =

2AGFIE Bg® Aol 9 AN AR WAL 7] ARAE 2T
B2 A FEG & A& Aol/yel dasith F2FEL A8 AHgEE PID
Ao ZlAE A FELS FUYstd FEHFL AT F Aok W F2E Y
F237] AAME Aoi7lel o5 A S Aol Basht wAA $HEEI} =
AG 2 AR 2% o152 A48T A9 A% Ash Bt BB AT & Ak o)
He euAde nelste] Qude 2% PIDACY AARHE nelsch el
o9 AZYRE 093 A7) A3} Folxl ARE 3 2T PHS FEde] 33
g4 Gehlth AAF Aoirle 35S By A B nEelM 28

oY 3N BEAL 2E PAGEl6) el MY AEdolae FAsdt A
A7l ME HYF FEHS 13 RYZ sPgstel wAtArh AFACIAS Fol B5
Be 1P A MDA Tl F2E WS AU FERS FAHAG

Key Words : PID controller(PID #|]7]), Feed-forward control(%® <l #|¢]), Path
following(”d 25%), Response delay(-8-©% )

= h=
* A3, drlensU ey w7 tERY 2F s
WA A AL, E-mail : rhee@kut.ac.kr i
9 HeA] BT AW -2 1800 Fg-g 71 dFt
= 339, Asistn FEeFTe e



D Ao17] 619

%39 & 7 9% 2011 7
HPAZE ALsA FF3E + e AA77

Basdtt ARFF VIHoREE -er—i 71l 7t
d dutF e ARgdEd. F3 7Y Q-:ILE]%
AZL o w7E w3 BIYA 7L 5‘50}7} = 3=
IR B = A A R e 17{—41 71
MO 2+ “Follow the Carrot[1]” 7I®°] U=,
of 7|2 sl AR LAE ol8ste] F=
FEohe Ho ]3 w77} 7V AEol
3] a4 JehdE EAE ¢t
. ol& 5‘H7‘=i€]' Aot Rz A FF
7 exe HHY ste We] o]&HYE 3
vl e EElga s
PID 11]017]% A gah
gy IRk PD Al
i§ —ZF%O}E EA oA 78
= 947 2
FAZA e 2
o] Wal= EANA
QA5 WAt A E 717 23
7] g 75719 3R A3 HE T
(integral windup) A7} HAT 4 Q= ©
HE zteth olol PID Aloj7]edM = ZE Al
flol a5 HaAl7]7] fste] 7
HO

4nE degoz wystte

e
ol

=
5l
= fu
o
ST 2]
ok ox
Ol
o,
£
9 o o rQ_l,

0,
r e

ox fr 9 ol -
2 £ 1 o
@ fo
WMo
o My
tlo
M) \H oh‘, —Q
rr
N

Y
N
N
2

l

P rr 2 rlo o N pE & L N 3O o>

¥0 2 %0 o
o
B

fre gy
o\
ol
o
>
&
1M

ol m;[m FN

FuE3F 55 HAE Aoj7|E o] {3 HEF
Z 7S AAst Juk Ak HAE Aol
He 87EHe vgAR 94 71Eds 7, 9
& dAT A" FHolA FH3= etk o
Aol 71 PNGSH %%ﬂi}ﬂ E 4 303, o] A
o712 A¥3lstd PD Alojziol ¥Hd A7)
& Fl8le A2FTS Fdste YA FAE
oule] FEY S ztet T Aorye 2E Iy
Z<Ql PD Aloj7]el 2FEHE AR FES BA
3t FFaE AASE WAz B £ Ut
o, FuEH 5o 943 AguE goR
712AE AESte Fo3 A2 FEH APH
ARE dev

ZEAJRE AdHA] HalAMe VIEHER
RE ZFEARE G4 9E Ao Fadt F
AZE BE37] Y8l 33 221N E AHEE
F AtH4,6]. AR FEL2 vlgAANA 7 Tt
7HE GAE AHESH 2 YA A FoR A=
o Al s ojz B|EFoZN AS S Utk

B AFo e v3gAe $HEA|A] Ue F
$ PIDAIO} 7] IE HRE AWt B3}
= YIS Ao F2Ho] Foi3e u 3
2p 2~2ZFEQ] WHoZ VEAHARE A= W

& AAstgn mATer AR AofrE ¥
QG2 7)o WHE v AL Ao
& s

II. PID A ofZ|

25RH vgPAs 4
=E EAZ Fig 1
Ve waAY &%
Qg v 6l
E}lﬁﬂ, V= 71EBEY 7
Aol A 7+ 747k A elM e A

2 Mo
o 2
ol
2
o
o Hﬂ

i)
ph)
i
NN
[o rr
Hu £

N
™

Tood
>

L B2

o 7}+EE I EE
AgdT. g2 5E A
i s ALRY &R de

o e o o

to

_>|4_',

o

-

b

o 10

o
=
o
i
o,
e
9
> o
o

d: Vsin (w wputh) ~ V(w - wpath) (1)

= V(¢* szpath) =u,— V’[:Z)path ( ¢_ ) (2)

<|§

1>
~

YA Vi, © BIAA7L 71ER2E 23}
3% u) A Fgstelop e &
vebdth vl o] FEHAAESE FAIE o,
S22 AojgHel 943 ALex FHe
Fig. 2¢} Zo] F/4%th

14

l//\ (//path

Desired path

Ypath

Fig. 1. Path following geometry
Kinematics
praxk
u, T d il d i R
i 5 s

Fig. 2. Kinematic of distance error



Y- o35 PR TS ik

2.2 PD M of7]|
4 @ Aaass Gew oes 2.
d [d 0 11[d 0
E[d] 5 o [aHJ(
Qurd pp AoI)E ANEARe BEFS B
o thsl LOR We =g

U™ pr.ath, ) (3)

Asta g AAFS
sl A 4 3

J= /Ooo(acTQachRuz )dt @)

ANA 2T=[d d]

o] ot
u,=— Kpd— Kpd ()
2] ANE AHESE BAG VFEAR
o Hgo] 00] ohd A= A22A7} glolAA
o) A= /ﬂﬁio] HHL— 9
4 glol Azl A4 A 0L A9
3 =

oltt. LQR Aloj7]= th&3%

e FEo] 0B YT} HERFFOAE Tt
A A "ot

LQR WHdA 7ERE &S 13}
A8l HARFE v 2ol AAsA

Controller Kinematics
VWpazh VWMI‘T
@, ¥+ |u Td |1 d
T Kﬂ +Kg»5' it f ST

Fig. 3. PD controller with feed-forward

2000 s i,
- ‘M,k\
/ \
\
1500 4 Y
[/’, reference trajectory
i PD controller
E 1000 o PD controller with Feed-forward
>
§ /
500 A 4
v
N, yd
N /
, ’
“«,“‘.
R
0 St
1000 -500 4] 500 1000

Fig. 4. Flight paths comparison - PD

controller
20
0
_. -20 [
£
g Rl [ PD controller
@ 80 — PD controller with Feed-forward
g -80
-100
-120
0 20 40 60 80
time(sec)
Fig. 5. Distance errors
42 FEY dYde ad= AEHIAE
B3t EJE 4 AT} Fig. 49 5= A H
FA A s kel fle Ao7Ieh = Al
719 BEFF AHE BAFI Utk A7l
A ALEEE ThEE g Alojol 52 the i Ak
Q=diag([1 1]), R=1
Kp=1, K,=17321

NEeo N AR} dE HAAY AFE
MaAgete] AaAde AL del HY
Qe A e AgSAT NEnaAzs 94
# TS 2L WA 1kmel QAT WA
et 85m/sz AAeTH 7P<*o}°iE¥ EEE
Jehse] PD Alel7Ro gt Brbsd 994

rf



%39 & 7 9% 2011 7

HI A AZAAS 189 ALHEEFFS PID A7 W 621

il

s|h. AR

a8 AA"H.
2.3 PID Hof7]

o] PD Aoj7lol M AReaE AAET] ¢
= AR FEAGRS vYgA Y £=F
A3 lojor Foh Ty AA A
H, £2dHo X 93] HZ A}
A

’l;c U, [ V’[ppm‘,h ]wl (9)

A7 [Vl AR 3& UERAT o]
£ 2 @° F&3std

d=1u,+ A, (10)
O:] 7 /\1 Apath,: [V{/)pa{h] 1 Vll}path O]]:]—
‘%]_—tﬂ ?:! O] ﬁ}‘f 7g —?— Aputh = qu[)ath O] q— &
[e]

)
& stdz= A, 7k 0°] obd A

Heh A, 7F 48%
+ WHes ARexE (i & A A

A A 4 QF sy

2 14 o 1 oop[dl jop.
T 14=10 0 1) \d|+]o]u, (12)
a oo ollg It

2l (13)& A&3HH 5 PID Aloj7lE deth

i, =, [ d- Ky~ Ko (14)

ge FEe e9Yshe PID

c [ Vzl)[)ath Lnl - K]/ d— KPd - KDd (15)

v =
Fei ol glE AHE [V lw =001Th
gelelel gl A% 2 10)elM A, 7

™
=

& ot
o] e ASHT Fouz HEFS ey E

-===PID controller
— PID controller with Feed-Forward

.20}

-40

-60

distance error{m)

-80

20 40 &80 80
time{ses)
120 i i i i
&} 20 40 60 80
time(sec)

-100

Fig. 6. Distance errors — PID controller

98 Q9 A UARe A 24T & Aok
Zzte] RS Hed ol AFALL UA
AgHolHE s

Q=diag([0.01 10 10]), R=1
K;=0.1, K,=3.2885, K,=4.0715

Q=diag(10.001 10 10]), R=1
K,=0.0316, K,=3.2025, K, =4.0503

7NERE B HEA
Fig. 62 7 Ao}7]9] F2FF 225 HoEn
T Alel7] B AAAE FEIE
Q2p7F EASHA] G MIRd A=
HojEth o7|4 F Alo}7]e] Al

o]
uw wigol53 vEol52 1 ko] Hl

lo
2

A7l Hiol5el 1/377|Ho vsd
%% 4%2 HAFL ARolSo| aw
AL AREE 2AZE BAG FHsAol
AABZ gho] 252 Frh AT ANYS o]
§319 PID Aoj7)e] ARol5L 29 & AUk

Fig. 69 Aot A F 09 A7k
3] 00] 54 Rakm ARl 2H 008

=

&
[
i)
v
9,
19
alo
o
bl
o
it
Y
2
N
rl
e
o e
oo o X My I
O ki ro ok ki

FYste AEAol719 54%  vepdch PD
Ao} 718 FEAZOIE e FE Aol 00
FEshe 4% o d,



L

3 - olAT B2 T B e

622 °]Q14 - ubyg
Controller A/C Kinematics
7 VY s
i 1 a Sd 1| 4
zs+1 + s

Fig. 7. Path Following loop considering
time delay

Root Locus Editor for Open Loop 1 (OL1)

0.8 =
o.ysiti:_‘ 0.72‘)/' osa 044 09 014

0.6, ,9\2’{’

0ap [/

oo
02f C

Imag Axis

02h
peg

04F "

08 -09’2“’\

0.84.- . 0727 .. 058 04403 014
B =1 L - 3 VIS L L iTooei
1.4 1.2 -1 -0.8 -0.6 -0.4 -0.2 0
Real Axis

Fig. 8. Root locus of system without
considering response delay

d+ K,d+ Kyd= d+ 20w, d+ o’ d=0  (16)

= VKp, 2=w,(K/K) eIt 3=
lﬁ°l71 A= v LA
| afoF gt o] A% HlA
kol 1w, & A 2715 74
iﬂ BEFZA & IFS ﬂ]ilv}
LFA AL 1z} AR AC
2 183 %i%%—éz—% HolFh Fig. 8
L SEAIAol gl BY KJ/K,=1/1.7328 1
AHUE wW K, WE ZHF A=E yed
ot 2”eA A A= - Ky Kpolth. Fo
2 EAE FELS 2280 AA3 PD Ao]7]9
AARE etk w, =1, (=0.866°]t}. 1
U =191 AIZIA AL 47} Fig. 77 o] 13 H
W ZAF AEE Fig 99 #o] WAHL A

2L oo oft A\
ot Hx o%N £
e}
S
[o
1 m\m
X

A Kp=194 7287} (=01372 ity
4 AsAsE g

HggA o] SHEAAol F AF SH l?i% i
Bt FEZFAGA 7S AAMNF Fhrt. HI A
o] FEAAE 12 AdA LR 1std A
28 o= 2ol 23 5 Sk

Root Locus Editor for Open Loop 1 (OL1)

Imag Axis

Fig. 9. Root locus of system with
considering response delay

.d: a— Vll)pa,th (17)
a= %(uc— a) (18)

A7 a= WHBAY THERE, u= Al71E] 7t
&5 ¥y, 283 7= HPA ] ARAALS Y
— Vb 2 BB A (17)% (18)
o] BA 2 & Stk

d=a, a=—(u,—a) (19)
0:17]/\1 {;n: Ue— V,lljpafh TVw]uﬁh ]E]— 0]% }‘\:}EH
tgsog weksd o5 g
d 01 O d 0
dl“ oo 1 [|5], |o]-
a r a T
LOR W& Hga o deel Aol7E
Qe & 9t
u=—Ky,d— K,d— K,a 1)
o2 FH Alo7] ¥ vF3 o] At
u= = Kpd=Kpd=K,(a= Vi) @)
+ prath +7 Vd}path
4 (@9 S AL T Fe PDA]]

S Yehlla A HA &2 AR A I:Hrs]— EA}
S Jehdth Fig. 102 Bl A 9] A7AAL 1
#Aste] AT LQR AoFZE etk xﬂo1
NANE VNERRE FE ), FEWES

Do B FHQBL AT



%39 & 7 9% 2011 7

N A AZA DS e ARG EFF PID

Al 71 623

Controller A/C Kinematics
Vi pot + Vs Vi un
u | |1 4 J_E i | 4
_ [zst1] E: &

Fig. 10. PD controller considering response
delay

E
5 . B : : ;
5 0 -==-without considering delay
§ .50} — with considering delay
|
-100f----
120 i w \ \
0 20 40 60 80
lime(sec)
Fig. 11. Distance errors — without/with

considering response delay

LQR91 FeAE Hed o] dAstar A&
gol S FqstA

Q=diag([1 1 1]),
K,=1, K,=28927, K,

Fig. 11 A2 FF a5 HoFrh
S 1HE Aoy Fold gHFL =

FaeHA] Fe Alo}r)s HIA
S 7

3 x7] AFol ZA TAS= A

R=1
=2.6839

olo
A

ot
2 ol
4 r2 ok e

o oo
e

2340 A= <t
ol WAl A=l 2L FHA ;n'f.z__} 3s %
Aejel A 27t AR o B4E o
o2 $HAAS 1T PIDACVIE FAE
Aok 4 19 Felg at AAdME
b A B3 go] A EL

a=a— [V’(./Jpath]ml
olg 2 (18)7 (19)°] WY ke 2ok,

z
¥ % o> oo

1>
<

d=a+A 73:%(&—&) (23)

'path

208% 2ol 4,7k AR B3l vlRcted
pu,th E o}\c"lj- q‘

%(ﬁ; a) (24)

O:] 7]}\1 {;’5: Ue™ [ V’[ppath](ul - T[ V’l'bputh ]ml O] T;} /\OLEH Eﬂi
% [0 dd a2 B o WAL deth

d 010 0 |fq 0
RN N -
dt |d| Ll 1“ (25)

a 000 ——||; —

+ [V1/ mfh}ml + T[ Vw

pafh]m/

X# 73%% 93 o}z] domz dubH Az o
2 @279 AoVle ARAE 43

17%}1] w@ch aet A, 9l Hholo g

A AredE 4 (27)°] AAT & ek

V. Cubic spline

UM JIEARE FF37] 9% PID AlfrE
. o] &3}7] A=
o] AR} FAgF e gAE] o]
< f3te WA AR HRE
Hez HHs
Al A FARE gASA "o AT A%

e A AEvoRe I ARFF

A o] ]
Ha, AgeA BEFFTS A dEF 7
FE 71 A= teolge A7 AR W&
o YutHow HPAHL 33} AZgolow 1}
Ellio], 32k T o] ARk vl o g8t
= e AT, 6] M E 2 e A

20l FARE W 33 2ZEHAS o] &3t A
FAHS el E HHe 8L

Fig. 129} o] Hwdo HAx (, y,)
i=0,1,2,-n0] FIHE v} HARE e FRE
detug 1S AHgEte] 33 ~Zee FHew
FAEY £ At A2 = JHE (z, y) FE F

i (x,'+17 yi+1)7]]';q ﬁii ;g‘cq l:]'



624 o]q_]@' . HRA}

Y- o35 PR TS ik

(xy1)

X0,
( 0)7/1)[

L ..

Fig. 12. Geometry of cubic spline

(x2,32)

(X373

Fig. 12914 l,=0% AAe $ Qla, 2+ A=
AolA S L(i=1,n)7t FIAL W 7

X2 Y1) & gd2vg (o g o 33
Aoz AL FE-iolA

X,()= aU—1 +a U~ 1)+ (—1)+d,  (28)
Y= B 1—1 +5 (- P+ 0-1) 48 (29)
of &t}

n—1), X,_,()=z, (30)

Xi(liﬂ) :‘X;+l(l1+1)

21 (28), (29)= T =S THES

(i=0,1,--

(31)

1=0,1,---,n—2 : for continuity
x| dx.,
al_,  dl
@ =i, 0., (32)
1=0,1,---n—2, : for continuity of slope
eX| o dXy,
e, At ] (33)
1=0,1,---,n—2 : for continuity of curvature
Y,(i,)=y;, (i=01,--n-1), Y, ,(,)=y, (34)
Vi)=Y, 0) (35)
1=0,1,---,n—2 : for continuity
ay dy;,,
da b, | di . (36)
i=0,1,---,n—2 : for contimuity of slope
¢y Y,
ac l_, ~dr - (37)
b=liv1
1=0,1,---,n—2 : for continuity of curvature

1,7} FoHE o —_TL"—Z7‘] (B30)~(37)& =3t
= 4 (28)F (29)= 33 2=EZEel Falo] Hrh
ady e 992 dAHe gow |9 44
of e} A== WA

fr

BAR-ie 1€, 1,904 Foddt 7|4
A=-io Bolet Az-ig Aejeke seulE 19
WO} P | (i=1,2,-,n)8 AAHFEE FxL

ZAolurske] W3l dsQ]— Xureky  yurako)

e dX o dYY #AE oS3 2ok
= VdX*+dY* = ( (%/) dl (38)

2] (28)7 (29)2HE] F3h-i oA

X, . .
fi)=—r =3a (11, +2ai (1—1,) +d}, (39)
day, ) ) .
g;(1)=——=30b(—1,)+2b,(1—1,) +b, (40)

dl
2 (397 40

AR 9 Zo|7} AE-iE AYste ITHH
19 "} ooz

/ Cds= lign =1 (42)

S,

4 @8l s Awaw

i=0,1,--,n—1 (4])

ot} Wt e AL deth
—1; = fo

4 @)y nAe FHEAE ek
28)~(37)F (43)L =W Fig. 129 A== ?—ﬂ
% ek,

P+g.(D)%dl, i=0,1,-n—1 (43)

i

2330 Bed gue wAge
Eo|th Fig. 129 A=Z-idAX B=7
2o Folzi.

w0}
fi (1)

onl

fru

N

:11‘
I oy

P, (1) = tanl{ (44)

EF 4 @EVE FF ) 3 JE e 2
o FolAtk ofu} v, vre 2z ] W 1
A vlE 9 2% | Eg ek

dy, gj/fi _fi/gi

b=V a - VW (45)
. dXp, g f,—1"g:

2 1 2 ] i i i
R fi+gl )
C2fg (P =g?) —2fg((f)* = (g))?)

(fP+g°)°



%39 & 7 9% 2011 7

HI A AZAAS 189 ALHEEFFS PID A7 W 625

V. HHdE 2 A[EaolM

o
i,
rr

ol
A
1o
o
it
) ‘W'
ofN
l
k
&M
_O|L
g4t
o
2 Rl Fo

o+
o
off
[
o,
tlo
N
)
[z A3
%
oot

o
i o o

b £ 30 2 )y okl 4o
(2 o rr od

fo
47 s
i,
ui
>

)
N o
k1
R
[
ofl
td
o e,
ZE o
N>
rr oo
2L
s
a
Og‘:,"
ol

O,

o o

il

_‘

ofN

2

b
bSO o2 N O

O.>|4_4 —{U
¢

X o
o
o%
=2

s
094:’1
Ho BN
o =~

o oo i
Ho
o
i
o

!
%0,
o
o

rr e
U -
K
it

>

o‘ﬁ
K
b
Jo

oo
o)

N
o ¥

N
Jo
R
td
[
2
X

W 0

)

o

Q. oL

» e el
o Mo (| of
fo
-
BN
pd
2
b g oo
AL
Y
=2
thy
2
;&h_}im{o
o Off
R
lo B oot |0 oaE gs ol do do x

o
T
Lo

(b

L s

rol o
A
N
N
(02
ox
>
>

N
bt

oX
it
; r ;_,Vf B
Lo
£ ox
£ ol
ol off
ol o
il
N
o
ol
o
fru
ya)
flot
i
2

N
re
>
>
U—g
lor

tlo oft
rlo
3!

ox oo

BT R P TR VN
R

XN

q
s
o

23T Alo7] AAE Sl
13 2Tk gl
63%7t He AAS mEste] 13 AR 2E Y
ANA=2 0882 71Astgd. H3Ae e
85m/se]aL, Z+ Alo}7]9] AAE AT stFA %
Ao]o] 52 Table 137 2t} EE A7l F=
o FEFRE Y

=z

N
tlo

Roll angle(deg)

Time (sec)

Fig. 13. Step response from ¢c to
o(roll angle)

Table 1. Weightings and controller gains

7tE %
X of7|
Hojol=
PD without Q=diag([1 1]), R=1
considering
delay Kp=1, K,=1.7321
PD with Q=diag([1 1 1]), R=1
considering
delay Kp=1, K,=24176, K,=1.4224
PID with Q= diag([0.001 1 1 1]), R=1
considering K;=0.0316, K,=1.076
delay Kp=2.4931, K,=1.4472

x 10
1 W o a—s .}
P - ® \’g‘
,,"' \®
os-J-f \
1{o i
E o \\ “}‘i
= T ®
05 l" \\‘
®% ¥
, ./
i,
0 0.5 1 15 2 2.5
X(m) x10*

Fig. 14. Reference path for nonlinear

simulation
80
(a)
60 -t}
E
g
)
8
c
8
k]
a :
401! ... PD without considering delay §
ol 77T PD with considering delay
— PID with consdiering delay
-80 i i i
0 200 400 600 800 1000
Time(sec)

-+ PD with conéderind delay

K —PID with conidering delay
AN 1 1 [ [

A/)\ 3 = e, Y AV}'

S

;

|
|
i

)

T

Distance error(m)
o

{
] o
i T T

1

1

1

1

T

1

1

1 1 1 I
[¢] 10q 200 300 400 500, 60Q 70Q 8Q0 900 1000

. . - Time(sec) . . .
| |

@ © ® 06 @ 6 6

Fig. 15. Distance error - nonlinear simulation

Fig. 4= ¥R E Foi7l B2 i3] 44de
WS Fal 3x & FHoE YT 7
oty AL FRAFFV AW VHEEE
ot AR AT A 7HE 9% E
olm HAEZ+= (0, 0.5Km)o]tt. A 2= 3ol A
293+ 30m=E A3y HAERFF AlEH]
S FP3AT. FR2 A= Fig 159 2ok
Fig. 15(a)ollX $EAAS 1H3HA ¥ PD

ooy BRI fu o

= —6_ !
dHAe 54& Hloh Fig 150b)e $HA
213k PD 2 PIDA|0]7]9] Az QxS 3}
o BoFEh Fig. 15(b)dll= BlIaA7E 2+ 4

22 0 X
o o ox 9



626 o114 - b

Y- o35 B T

(=il

ZAHE AYe AE ZAEAY. FERFE
719 PIDA|o}17]7} PDA|o]7]o] Hls] & %=

9e Yeldth ols &3 uE FHET
(Integral Windup)oll & @Foltt. B2H &
A FE HIFo] E HEZH Dol HAEZL
27} AA EASH PIDAO 719 Azt o
A Jedes e B 4 Aok

A7t 300% 9} 6502 AL vete HE2L
zke] d3ae AsudzEZR O o JEhde

2 oo P

RAOZ AFHPXFFX Y Fdol o AL
2 #add PDe PID Aloj7] 2% FA33 7]
o] FEo] AA Wt ?{MWE Ao AL
217} 5m o= AU FFATES Heldh
Aoz B o AHAEFIHLAVE YU
2718 AL ARoAM= PIDA| 717} PDA|
717y 3 Ao R GEtUARE FE59 3

o g =ZA ¢o Ao ' vehdTh

PD Alo}7]oX FFA R FES A7
W&o PID A7)t ulxrtxz AAMAME Q 2}
7} YElg A =t PDACVIEE BEE Y
Z2x38 4 9lo] FE7| AL AYF & 9}
o]Z4] PIDAe] 7oA YEl= Z3}ol| w

. %
AET4 2AE WA & Aok

(il

V.2 B

E AFE= PID Alo71E o] &3 FYs HEF
F Ao71E ALY aTHE FRE 37
ZEeloe g ZAREIH AR FES &S] 4
7] W&o dutz <l PID Ao}zl FES IHY
g £ Jdx, o] £8E PID Alojrle dut
A<l PID Aloj7]el Hlste ¥ £ d5S B
ot 53] 4HAdS x¥3I= 45, PD Alofrivre
Z2Z FTE3] AU H2FFo] sMedle = % l
MRS AFE ATk R Rl %
SHAA 54 13 Al~Foz JMAES PD xﬂ
of7le] mEFoZH FAFFT7|9 STEHAALRE
A3 T3 deAstE HAT 2

7|

o

2 dAT7e TAEEH S AsAT LY A
Aoz FgHon, o gaj o] FAE =
HUTHA 2H ZUD100048JD). o} 79 o
e dErlensddue] wEATEHAA

22099 A9 o »YHYF
HnEs

1) Barton, M. ]J.,
Implementation for Path Planning and Following in
an Autonomous Urban Vehicle
thesis, University of Sydney, 2001.

2) De Luca, A., Oriolo, G,
Feedback Control of a Nonholonomic Car-like
Robot, Robot  motion
pPlanning and control, Lecture Notes in Control and

Controller Development and
Undergraduate
and Samson, C.,

in J. Laumond, ed.,
Information Science Vol. 229, Springer, 1998. pp.
171~253.

3) Thomas Hellstrom and Ola Ringdahl,
"Follow the Past: a path-tracking algorithm for
autonomous vehicles”, Int. ]J. Vehicle Autonomous
System, Vol. 4, Nos 2-4, 2006., pp. 216-224.

4) Rhee, I, Park, S. and Ryoo, C. K, "A
Tight Path Following Algorithm of an UAS

Based on PID Control", SICE Annual
Conference 2010, Taipei, Taiwan, 2010, pp.
1270~1273.

5) Park, S., Deyst, ], and How, P,

"Performance and Lyapunov Stability of a
Nonlinear Path Following Guidance Method",
Journal of Guidance Control, and Dynamics, Vol.
30, No. 6, 2007, pp. 1718~1728.

6) Pears, N. E., "Mobile robot tracking of
pre-planned paths", Advanced Robotics, Vol.
15, No. 1, 2001, pp. 97-107.



