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Obstacle Parameter Modeling for Model Predictive Control
of the Unmanned Vehicle
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Abstract: The MPC (Model Predictive Control) is one of the techniques that can be used to control an unmanned vehicle. It
predicts the future vehicle trajectory using the dynamic characteristic of the vehicle and generate the control value to track the
reference path. If some obstacles are detected on the reference paths, the MPC can generate control value to avoid the obstacles
imposing the inequality constraints on the MPC cost function. In this paper, we propose an obstacle modeling algorithm for
MPC with inequality constraints for obstacle avoidance and a method to set selective constraint on the MPC for stable obstacle
avoidance. Simulations with the field test data show successful obstacle avoidance and way point tracking performance.
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Fig. 1. Vehicle status represented in the ENU coordinate.
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Table 1. The average time to make ellipse parameter as the number

of points.
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Fig. 2. Range data and Occupancy grid map.

w3 dolAr} f218 BHAAY YAztel 2 AgelE
2xE A ol 4 2 % oA oldF w1 AR

2 olgala ANEL AN ASolE oF
A 5 QT
ol EAMES s@s7] $lsl v w2k wolA el
A HeolBE BHstel AR Flure] i SEY
A

N
-
d
e
2
)
=

o
% o] Hf FEPAA FHEE gd AATE 1
of BFY EEE AT 18 2t W = 4EE
= #olA AlAe] tlolEE AXE FAoE s 7t
FEACA Yepd Asfo|t). B E=EoAE 19 20t &
o] @9 #olA MM Azl HolHE FH3tY VEAR
40cm =719 AAZ|RE A FEPS A o] 87HTHs).

oA71M A Aol A2k ol e A A
of i elelelstr Fsken vl oA AAT W
gafe 20 AHRE @A) Aol X 2WAAE =
T EYsHe Jojo] 420 vloleE Mtk mebA @4 2
ol o] P HAE Fool AP ol HE
o F2Ht 1Y 39 2L

A4s FPdrt. 2" 3994
ref. pathe V2] FoI13 AEHESEATIE 40~50 m HE,

EO|tH1].

A Bole HEs g5 % &
e detrelEes Ads] sl 1d 49k 22 HEe
T o] AL A F HE B
& A3 A AHot &

th et path o Remave
P left and right duplicated points
ref. points
. (<=Np) i
Find the closest Remove outside
ref. point I points
Get obstacle
\ indices from map \
Get the center Get inside points
ref. points v between left and
(<=Np) Calculate edge right ref. points
L points of

obstacle indices
I3 34 ZoE A 85 gugs

Fig. 3. The algorithm to get interested obstacle points.




Obstacle points K=K+1 1< |
~
- ~
/Mmlmum distances™ ~
< <& Max car width ?_, <~
- I ~ -
-~
Clustering |
(random initial YES
partition) /V\
I - ~ -
NO - - i
< Minimum d\stan_ces ~, |
~ Qnax obstacle mdlfﬁ -
-
- ~ S~
— T All group has ™~ ~ YE
~one more points?, «~ ;
~ -~
-
YES Cal. Distances Merge
—_— Y between [—1 WO groups
I two groups NO
Minimum distance groups to
left and right ref. points I
| (K times) |

Num. of groups == 1
Or
All distance of each groups > max car widtl

YES I~

-
RN |
MVEE process for

D Combination part
each groups

19 4. el e Bk st A darel s
Fig. 4. The algorithm to make ellipsoid parameter of obstacles.

Partition part

ohE HEol 4y A YA L Sslep o
A ZE ANE A gl Uil Al B 5 9 A%
o| 4R WA kgke FAMITIRA BelzElRE AN
o 7 F A% BN 2 FE H IKE 119 A
2 AASle] Aol BAT 5 Q= T AFS O A%

>~

E=

5 2L ARE ol 2204 AET U kAT
B 27] Y gl Fe2EY A3t olEolehe
A jolch, o] WEe] FE gl ¥ e FohE HE

|

o] 27] 27le et B2 AA AFshe AN HE
e aFoR FHzEY B F Qom ot Ayl 2
% e ARE FohE ol TYHA s BAT 24

AT} Je] A9-2 shte] AelER Holk He RE
= o7 A9 HelfEo] de HAAME EgE F Aok &
Aol Utk AelE FES Hao T7] BRE il o]
E oAl A 53 2o g0 Adske #AEe Bl
olge 27| AA of&EHE FEL F Utk

el E Agdzdstel s 24 @9 0= A HA
Pl E-& 3T)ehe ke A3 tid ZAdE Bl &
s 425 24 Boh 2 = dAE 2] "
22 FPHER7] el AA FAAFA A Gl E 3
)7} o]FofA)7] flalME A AA F7|9} TF =F
EAS aEske HHo] st o5 93l AlE B
eSS AR o]l Age] Hd Z& 23] 7 g
Qo] I E BE Wk A F7AAET

a9 5E 2 AAe] Aotk (v FEWAIA I

A BAE HAES HAEth b 228AEE AA X—}t
G2 ol AolE d IEE 1170, 28 (o)A
AAAE AH on e &4 AlE A IFE )

fo o

I

e r
in)

Otstacopris . Groups sor Partiion process’
[ ke
- =i 11 Groups
o o oo
FF FFooupto
5 ¥ . Ficas Grouph
i %
1+ Gowt
w3 [ Gouptt
&= W - E "
7 n
# oo
| - = _sySroup?
I R R I T wm w w wm @ w2 6 %
E(m) E(m

(a) (b

Groups after Combination process”
Groupd

Eliipses of each point groups
L 2 =
= |8 Groups 5 (&)
o iy Groupt L - //G \
86 P \
st Py d
&) w o o {\D ) ~—=
s o2 - o
=% s 4 =" N
£ G al (@)
o I
= o n
®
JETS. i
e W 82 84 8 8 % 922 N % r ] [3 0 (3 00

E (m) Em)

() @

a9 5. Zele vkl vty A dare] gl A8 3.
Fig. 5. The result of each part of obstacle parameter algorithm.

o ALFE A}E 2 & Uk vAToR @ & 3
ol A IEEL HAssln Aol AE wesle 7
HAES gF AAE ek

m. 2ol
i

welagel g © dole g5 Wt 7
A,

pul

1. 2o|AF
°l ol A
A BE
1.1 FARFSAt
BRI RoAFES 3l #olA AA dlojEl= AA
FRAAEA 78 EF oA £3E HolElE AT
I8 62 FIAFAL T3 EF A vlolEE F5
7] 918l ARE ® Ao, A F 21Xl LMS-291
fﬂlow AA 7L ks o] Q).
fr SEWS AP AslA= #olA AA Hole e}
l§¥ g Apere] 9ok AA| AR Hash] wfEe] o]
el 19 73 ZS GPSANS B3 Y A|2ES o] g
=3

Ir rlot

mlo r

o

8 6. tloly 5ol AHS- 2
Fig. 6. The car used to collect the laser sensor data on the track of

unmanned vehicle competition.



19 7. GPS/INS F3 1 Al 2=EL
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