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(A Study on Dynamic Modeling and Path Tracking
Algorithms of Wheeled Mobile Robot using Inertial
Measurement Units)
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Abstract

In this paper, we propose the dynamic modeling, path planning and tracking algorithms of
4-wheeled 2-d.o.f.(degree of freedom) mobile robot(WMR). The gaussian functions are applied to
design the smooth path of WMR. To calculate the WMR position in real time, we use three
components of inertial measurement units{IMU). These units have initial error because of the rotation
rate of earth, gravity acceleration and so on, Therefore we derive the initial error model of IMU, and
compare the fitness diagnosis about probability characteristics of real data and estimated data. The
performance of IMU with error model and Kalman filter is compared to that without filter and error
model. The simulation results show that the proposed dynamic model, path planning and tracking
algorithms are more useful than the conventional control algorithm.
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Fig. 1. Configuration and coordinates assignment
of WMR.
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Table 1. Parameters of error model.
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Fig. 3. Error model coefficients of X-accelero-
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Fig. 4. Error model coefficients of Y-accelero-
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Fig. 5. Error model coefficients of gyroscope.
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holonomic AekzAe] AA Alere olzdt 23}
7b wApEhA ket

€O =cos" 65, (n-1T) $6 =sin" 05, (n-1T) |

holonomic

2. Discrete Linear Kalman Filter

Kalman filter= A]289] ZFAl(residual)®} H5-&
48 et 9ol doh RS AGAoRE FHal
sef AP U4 atel Al 8 TR o
oL wepd ey} whARc ol YA
Zol7] $i8 T¥4Hcovariance) & A WAL o]
= Kalman 1S538 2 3led exe] 718 &3t
Ak @AY e] 8L Kalman filter?] si¥o2
=23t} EAld] Kalman filterd] 3L ol% 2R
29 y)7ate] &xqlzon 43kl #AAA7L 7F
A 2XF(measure noise)< A B A5
(white gaussian noise)®] B4 Adrh ole
Kalman filtero|d] x2l¥lc} o]% 2xEe] nda)z)
A e) Zuga]e ol8381e] Kalman filters]
A Alst SEaAAlS ohed) Zo] XY

& = Axo1Xo1 + Broig-1 + Wi-1 (28)
w = Crxg + Dy + vy (29)
Pvp, 0 0 u, 0 O
B b
A= 0 Tvg, O B=| 0 u, 0
o 7] A 0 0 Pvg, |, 0 0 u |,
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A0 100
0 AWK 0 | D=[0 10
L

0 0wk, (00 1), WNOLI= S
Wakee] HMIpEAl w~NOR) & Fakee] AR

Atole,
ApejzAe) ARAE ek 2k

(=)= A1 X (0 + Byggy + Wey (30)

() =5 )+ Ly - Ok () - D )] (31)
23R AAADAE o .

P = A 1Pt (DAL, + BQ BT (32)

rw=l-Lclpo (33)

9] AMAdAL] Kalman o5 382 olgs} 2ok

L =B lcnec] v ] (34)
I Rt ARSI

3. 71& 7173 AgAlel daeE

245 759 Sxo iyt ARIZLE vi= 71EH
FA A TF olF BrE BAY AXE ek}
7] $18}] dead reckoning ¥arElEe] ARErE A
7b T oA RO 9x 4D} &% 40D & FF

o} A Z shaft encoders®3e] 78 4 9ok =2
RE gxe) g exbe et 2ok
Fep(nT)=F p,p(nT)-F pg(nT) (35)

AN WA - & AFARE elniaih dAe o
eale} oxje] wBhge] AYlS Koo} KiE FU
e Alolsle s 24 Tk 7ol BRLek

Fug = Kpleg(nTy+ Kg(Feg(nT)-Fep((n-1T)) (36)

TF-5 olF BRE] HIAe] A xHlex] 2ale}t o
ape] wWisgel o FEAHq o] FF °lF
ZRES Bi ZEAR WIS Y3k= TF 0]
¥ 2RE FFi&La HIAEh
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Fig. 6. Conventional kinematic feedback control

algorithm.

4. Aok ¥4I A= 4 daEE

4-FF 2-AHR TF ols RHEE o=
sz 23 24 2AH A S 9 A" &
A (uncertainty) §-0F lsle] Z[EAHZA o]
2 ¢ ik B Al dmejEe] 543 ¢4 o4
2 Hislshe S Z12AHRE AARL o1F oF
2REZ FAT AT gl A& F4E + U=
£ 3k lolch Alo] Alagle] AL a7 73 ok
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v
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Fig. 7. Proposed dynamic path tracking algorithm.

ARAAY|2RE 271908 2 o mres}
2o A1EA2sl AR A6 AR olE
=rEe Arggrsh 2u% AAIAE vlssle] 2
Aol o AelglEe ok 2o Aguck

FUgnT) =Fa,5(nT)+ K ,("p,g(nT)~Fpp(nT))
+K, (Fv,5(nT)-Fvp(nTY) (37

o714 Aol Kot K= 7iEAR g F=g
Holut g sleln 7§ olF ERES wlEw gt
A% FHEEE Z7] 38} e oA, A3
Aol ols) TR P! 2)(37)9] AejslHe wieka
FEAE 7SR o' FEEIE BRG] 98 ol
F BERES RAARAZ Hid)

VI. 2o/A%

A olF BRES mdy Azsd gwz|Eo
IS ) 8 2oy SRk S5
= vl 78] AR o] AR AE 1(case
DS His} Fggk AxA R0l #A$ 2(case D=
F714e #3E sRe Y¥ARely, AS (case
3L o Axe] FAY HEHIHE FRhe A
71Z7 2ol 739 4d(case 4)9 ANEIE ¥
7NEAEE 7HATTE o) 83te] AL ol
71ER R v EAlY g olF ZRE EAAX
AE 71E0E Foizc) noAY A A 4-TF
2-AHE olF BEHES v/iHpEe ¥ 33 7ok

o

k3 3. & olF 2RES] AU wfrpEs

Table 3. Parameter and specification of

WMR.
Ly /2 025 | m |#3 ¥o2
Lo /2 0.3 m |EA Fol2
!, 032 | m [BH Hel2
1, 0.3 m_|T57E y¥d 14
I, 03 | m |F¥7E <3 44
l, 02 | m |RZFE 1% A4
1, 024 | m |757E 29% AX
L 002 | m |HETE 2% ¥3 Ho|
R 0.1 m |757E 4
r 003| m |RZFE WA
m, 120 kg |[EA 2F
my 155 kg |TETE AF
m, 0~20 kg ‘\?‘-5_}' ;‘t‘—_]%

o}E ZRES 2/|YHE GrO=-000F sHst
T, /1FA2e] AL 5r0)=64590) o]t} 2
gARle] FlEAEE A HRis P A
& Axsigrt oo A2ad &Edd, FEEs
2 AR ex= g I3 8% %;4. a¥ 89 ()=
AZE Aeir|sh Aeka AzaA dwelme] wlmeld)

% 2ues) sl 9 AEAE 05203 Hus
Ei 1(misec)Z AL o] AR o]SHY K=
1014} 5olsols K =4[k, olc}. AxA s} Avkal
o suse AX 7|1EHRE Ads) 24T Qe
S BodFy 9lrt ¥ 89 (bh)E A7 Z51le)
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