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Introduction

» Path tracking control for AGVs

™\ [ Longitudinal |Velocity control  Steering control:

Path Tracking = control | .
Control — " _ _ _ > tracks the desired lateral path
L = Steering contral
for AGVs == ateral control - ----

U T ) __- » related to lateral stability
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» Problems in the existing steering control
v A » road width is ignored

» vehicle shape is ignored
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Introduction

» Path tracking control for AGVs

™[ Longitudinal |Velocity control  Steering control:
Path Tracking = control .
Control T __ _ _ _ > tracks the desired lateral path
for AGVs = Lateral control Sleering contral -
\ - » related to lateral stability

/ =~ J _ -

» Problems in the existing steering control

Y A (® » road width is ignored

» vehicle shape is ignored

—

Control objective:

make control decision repeatedly for AGVs according to the previewed traffic
environment and road information, considering the road width and vehicle
shape, and keeping AGVs run in the feasible region




Regional path tracking problem

» Regional path tracking problem description
» road boundaries are f,(x)and f (x) Y4
» vehicle is considered as arectangle

with width w and length |
» keeps vehicle run in the road boundaries|

» tracks the centerline f(x) of £ oo
. W ) .
road boundary shrinks — m) vehicle equals to a bar with length |

» Control objective of regional path tracking

» keep F and R in the determined region

» control AGVs travel along the road centerline

» make driving route as short as possible

» consider mechanical characteristics of actuator
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Regional path tracking problem

> Vehicle model

Y

oy 5f

r X> based on the small angle assumption of gand v

» using linear tire model F, =C,«,, F, =C,a,
y Vg 3
VBB . C,+C, aC, —bC, C,
myv myv myv
“rp ._aC,-bC,  a’C,+b’C,  aC,
A - S, 4 v ,
O —
X
considering vehicle as a rigid bod . . \
Y A J J y vehicle could be described as
XO:V yOZV(l//-i-ﬁ)
yO:V(ﬂ+W) v=l
y=r =Cf+cfﬁ+(acf _Zbcf —1]r_&5f
mv myv mv
~aC,-bC,  a°C, +b’°C, 2aC,
= ﬂ+ r— .
|, v |,
_d
K yout:yo /
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Regional path tracking problem

> Vehicle model

longitudinal velocity is assumed as constant

M and IZ varied so slowly that assume as constant

CoG is considered as constant ‘ a and D is invariant
C; and C, varied so slowly that assume as constant

The vehicle model could be treated as linear-time-invariant system

. N\
X = Ax+Bu
Your = CX
(0 v v 0 0 u=J,
0 0 0 1 0 1
Your =Y
azlo o C; +C, aC, —bC, 1 B C, C 0
- mv mv? | mv 1o x=[y ¢ B r]
0 aC, -bC, a°C, +b’C, _aC, 0
l | v [
- N J
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Regional path tracking problem

According to the relationship lateral positions of front and rear
betweeny,, Y and Yg end keeps in the region
vA

Ve = Yo+ i (¥ +B) )<y, < f(X)
Ve = Yo =1 (w+5B) f'(X)< Y, < f(X)

N
The front and rear end in the region could be transformed into the constraints
of lateral position

£ 00— (B+v) < y< £ (01, (B+v)
£+ (B+p) <y < 0+ (B+y)
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Regional path tracking control

» Regional path tracking control scheme

Road information Model predictive controller
r-=-——————————— — — — — |
| Information | : v(k), r(k)
| detected from the Il X(k+1) system

roadway ahead I y(K +i) prediction B k), y (k)

| Road sequence ||

point ” ' N S

Vehicle

: Generator of thD f, (X)” :> Optimization S Steering . \
feasible region of |"| motor systme (K k
: front road jfr (X):: - _ J |\ o (K), Yo (K)
- T T AT T T T = Constraints) jI
— _m‘ } _____
Road information Model predictive Steering motor Measured
detected from the controller includes IS actuator, it's states are
roadway ahead is a|| System prediction, control is not o ,8
series of position |constraints description discussed ARV oA 4
points and optimization

N
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Regional path tracking control

» Road information processing

/ (f(X)_ZH (X_Xr(i)) ( ) \
ALY p=jnmk

) (x=x, (i) i=j.nmk
=25 ooy P

< 4

> road point sequence (x.,Y,,X,Y,) iS obtained
from perception system

> J,n,m,k : four sets of interpolation points / first time: find start point (s, ,s. )
- . . . R
position chosen from given road points 0N

X (1)-%(1+1) <0
{X|(J')'X|(J'+1)SO

> four sets of interpolation points equally spaced

> interpolation points are selected based on
guadratic search algorithm

v second time: find final point (s, ,s, )

[LMJ, m{uj J o {(xr(k)—v)-(xr(ku)—v)so
) ) (X, (k)=v)-(x,(k+1D)-v) <0
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Regional path tracking control

» Road information processing

-

. B (x—x, (i)
fr(X)_zg(Xr(p)—Xr(i)) b p=1Jnmki

o (xx,(0)
=25 ooy P

i=p

|8

> road point sequence (x.,Y,,X,Y,) iS obtained
from perception system

> J,n,m,k : four sets of interpolation points
position chosen from given road points

> four sets of interpolation points equally spaced Jiij (Jxr(j)'xr(j +1) SOW

v first time: find start point (sIrj ,slj)

When the road boundary is determined, the road centerline could be obtained

f(x)= (i (x)+ £, (x)

L3 (3T ] ’r' U(x,(k)—v)-(x,(kﬂ)—v)SOJ
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Regional path tracking control

» Moving horizon controller design

1 » Control objective description

By discretizing the continuous-time model, the
system is described as

x(k+1)=Ax(k)+B.u(k)
Ye (k) =Ccx(k)
Define road centerline as reference input

objective 1 : runs along the centerline
J,=|Y (k+1]k)- H

objective 2 : minimize dr|V|ng route

=S 0 <o ()

I

|

|

1

I

|

|

1

I

|

|

1

I

|

: )=[f(k) f(k+1) - f(k+P-1)]

E Deflne the predlcted mput and output sequence | objective 3 : control action is limited

' u(k) P TTTTTT T 2

| I J = U (k)

: U (k)= u(k+1) i objective 4 : vehgicll runs” in the region

1 .

: : : f(k+i)=1 (wk+i)+BK+iD)<y (kK+i)< f (k+i)-I (w(k+|)+ﬂ(k+|))

! (u(k+N-1) VL kD) L (ki) + B+ <y (k+i) < f (k+i)+1, (://(k+|)+ﬂ(k+|))

I I

: y(k+1) : objective 5 : steering actuator saturation
|

| Y(k+1|k)= y(k+2) ! 6, (k+i)| < 5,

; : ! i=0,--- N—-1

: ' : a6, (k+D)| <A, T,

I y(k+P) | f fsat s
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Regional path tracking control

» Moving horizon controller design

> Vehicle system dynamic prediction , » Control objective description

I
By discretizing the continuous-time model, the | objective 1 : runs along the centerline
system is described as :
X(k+1)= Ax(k)+B.u(k) | 3, =|v (k+1k)-R(K)[
|
1
1
I
1

y, (k)=C.x(k) objective 2 : minimize dnvmg route

Define road centerline as reference input P _ .
= ;(HAxd (k+ |)H2 + Ay, (k+ I)HZ)

)=[f(k) f(k+1) - f(k+P-1)] |
Deflne the pred|cted input and output sequence ; objective 3 : control action is limited
u(k - TTTTTTT T 2
[ ../5 .)4\ _‘ : L . ‘]3:HU (k)H

Minimize these three objectives simultaneously is contradictive, weighting
factors are introduced. The multi-objective function could be obtained as ’

[ +Zr (e, (k1) +]ays (i) )

‘51‘ (k + I)‘ fsat
AS, (K +)| < AS, T

KT2
Y (k+1]k)= e =0 N-1

fsat S
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Regional path tracking control

» Optimization problem description

min 3 =[r, (Y (k+1]K)~RK))| +

U (k)

r () + 20 )+, (k)
Subject to: X(k+i+1)=Ax(k+i)+ B, (k+i)+Byd(k+i)
Yo =C.x(k+i)
£ (k+i) =1, (wk+i)+ Bk +D) <y (k+i) <, (kK+i) =1, (w(K+i)+ Bk +1))
£ (k+i)+1 (wk+i)+BK+D) <y (K+i) < f (K+i)+1 (w(k+i)+ Bk +1))
5, (k+i)| <o
AS (K+D)| <Ay T

fsat S

fsat

The related matrices and variables could be computed as
A% :eATS! BC :.[(;rseATdT' B’ Bdc = Bd Cc :C

Axg (kK+1)=v(k)-T,, Ayg(k+i)=y,(k+i)-y, (k+i)
A, (k+i)=06; (k+i)-5, (k+i-1)

Only the first element U (k) is applied to the vehicle
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Implementation and experiments

» Implementation

» MPC algorithm is implemented based on C language

» differential evolution is employed to solve the optimization

» Experiment setup
» vehicle: Honggi vehicle HQ430

» sensor: OTXS RT3002 and 2 cameras

» experimental system: VxWorks and Windows
» tools: Visual Studio 2010 and Tornado2.2

» computers: 2 Thinkpad T420
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Implementation and experiments

» communication system used in experiments

Accumulator
PC3 (+12V)
Configuratio
n System of
GPS-base

Configuratio

I

I

I Auto Battery
| (+12V)

n System of [N
RT3002 Vehicle State and Position Information
___________________ 1
Monitoring ||,/ M1 e —_
System of -/_ PC2 \
\ RT3002 |
I

Vehicle State and =~ N == q—-
Position Information TCP/IP

PC1
. UDP
Rg_II_OHFJI\(l_Path Lower- LeveI
o raf Ilr:g Optimal Controller
ontroller Steering

RT3002 -regional path tracking controller : UDP

Regional path tracking controllermm driving control system: UDP
Driving control system mmsteering motor: CAN

Hongqi AGVﬂ driving control system and RT3002: CAN
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Implementation and experiments

> experiments result

LRI
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> Road boundaries
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Conclusions

» A novel description of AGVs’ path tracking issue is proposed
» Regional path moving horizon control is presented

» Road perception information is processed

» Experiments are carried out based on Hongqi AGV HQ430

> Effectiveness of the proposed method is verified
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