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ABSTRACT
When a mobile robot moves from one place to another,
position error occurs due to the limit of accuracy of
In this
an accurate method of estimating the position

robot and the effect of environmenta! noise.
paper,
and orientation of a mobile robot using the camera
calibration is proposed. Kalmwan filter is used as the
estimation algorithm. The uncertainty in the position
of camera with repect to robot base frame is considered
well as the position error of the robot.
developing the mathmatical model

calibration system, the effect of relative position

Besides

for mobile robot

between camera and calibration points is analyzed and
the method to select the most accurate calibration
points is also presented.
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oA J(2)E H4L2 3= XUEE HHs=& 2?_Hll-
Lolg2s Aetgoly 427 297
4.1 ojat It P

B =R s Z2UUEE A8t 2R dejBaold
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© Xk+1= AkXk + BkbUk + GiWe (4.1)
Zk = HeXe + DV (4.2)
~ { Ko, Pxo )

System model

Measurement model:

ol W, Vis 22} oh2e] BAZ e WA ot
E{ W }=0 E{V } =0
E{ WW;T } = Quékj E{ VkV;T } = Rkdkj

ZetgE = Wt Wl 918 43S oS e debEs X}
244 Aol 23 FEA E{ (%) (Xe-Ke) 18 3
22 8t g 2= 33 23z} Ho

Zotgelo] o3 3o £3X&E e AFL i
5 ghAlel o8] o] Fof2ct.

< Time update >

error covariance : Pk+i = AkPkAkT + GkQxGkT (4.3)

estimate ¢ Xke17= AxXk + BrUk (4.4)

< Measurement update >
error covariance :
Pket = [{Pxk+17)71 + Hxs1T(Dis1Rk+1Dke1 ) tHke1 ]!
(4.5)
ikol = Xkol' + Kkt {Zko1-Hes 1 Xke1™)
Kk+1 = Pk+tHics 1 T(Dks g Rie 1 Diee g )72
(4.6)

estimate

4.2 Al&He] &4

= Hollde 413 U § £ =89 |7 oy
d ZEAeRold A HE3tr] ¢ AA”EE B
d3ste He Meuth KA 9F WA S KAk 2}
WAk (norminal transformation)®] A=#|Ziola} Feisix}l. o)

=
54 2y



wf YA of Var. atel o] #AE cl&3t ot
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VAper’ = WARKAK. ) + WAK K8AR. 1KAK+1 (4.9)
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AepE4 X TH3} ol Pt

X! = ( rik, rak, covocee ,rok )T (4.11)

Xk2 = ( txk, tyk, tzk )T (4.12)

Xk = ( X! | Xx2 )T (4.13)

A (4.9)F el ale] 2 vehde] Bxh Al 234
Al Ay ady FE23 2E8 F2E o] A
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(a) HAHH 32
Al (4.9)25E HAHH Y EL 12 oo By
WRk+1” = WRk'KRkey + WRK'K8Rik+1KRk+y (4.14)
kgRk+ 1 E T2 ol Fostat
0 -R§z REy
w&Rk*l = Rz 0 -Rgx (415)
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A4 10)E AAste] FefEH Helg AR cofgat
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X1l = AkllXg! + GillWil (4.16)
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(b) #lxH# 53
Al(4.9)9 fIXEH FES Azts] Ba}

¥Tke1” = YRi'KTkeq + W' + WRi'K8Ri+ 1k Tksy

+ WRk K§Tks1 (4.17)
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4.3 GejBgold o Ry

Fioel Az BaoldE +¥Y of AN 7 E2AFA A
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vk H3.1)' FEWE YL o83t B
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Py = WAc.P = CAy-1.P (4.22)
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ry rg ry
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WuANE ARCET A nAle) ARwENe AEe ¥
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Px Yk = qk (4.23)
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gk = ( -bkBk )

Yy = ( sx-ryerstl, Jflrgers )T
V& TohRAl st oS BE W 7 A9 exjel AT
3 St T3} Fol uehd 4 glch

n

n
S= 3 fek|? =3 (Px-Y1-qx)T(Px Y1-qk)
k=1

k=1
SE H2E st V18 P57 A S

= oulg o8

H

n -1 n
Y= [ ST AT (4.24)

k k=1
.24)8] e FAA de 84E ol Ak, B,
RE E32 wW4E2 B £ o3 unjA] a, bk, o
BE abgolth.  ulelM WE Yo 2z 4Ee 2t
W4 A, B, WESY ¥4E BHE 4 Aok 2™
olu] Ak, Bk, Ckt& A(3.12)eflAet Zol FHEE Y&
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EY Y, 0F8RE VAcY 7 HEY rnE d& g o=z
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ol Xik, Yik® wMgt @] wiet rigo] Vehle o2t
= oh&3 Zcoh

e dn 2 2
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afi afi
Ari = —AXig + - + —AYim (4.25)
aXit 3Yim
41 (4.25)& Jacobian MatrixZ A vpehid
Ary AXit afy afy
Arg AYiy aXi1 3Yim
ST IR TR :
: MXim ofs 0 _afy
Arg Minm aXi Yim

A7) 2xbgd EAFE ALYl glgte] 4 EelEnbct KA
2 s, AZ7L $835] Foid njadBoR 8 5
tha 7PAsal 2EE ke BF st 2 HEEER
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WAYRHT AYOEE AiE BT 719 BEE
e BANESE B 4olon, Az ¥EH Bye o

&2t Zrcth
E{ar;i } =0 i=1,----,9
m  afi |2 m o afi 2
2 = +2 .2
E{ Ari2 } = ?1[ aX;k] Oxi¢ + kgl[ aYik] Oyi

et Ard ZZE 8Xi, 8Yie) UE 2yo= IAFHY
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Ari=[2[ )]&(w{g[ ]]m
k=11 aXik k=11 aYik

(4.26)
A (4.27) & BIAL o] &3t HRHE th&3t o] Mrh
AR = Cj 8. (4.27)
AR = [ Ary Ar2 Arg |7
thgose fARBYLe oAE BUYLAL HAHY
F-zolAet viastz g sielet PelBao]dA] AMg st X

JAEY 48 n, o|ZHE AEHE ALY £& n=l /-

gl 5l Ztzte] AMej ofdf (3.2.2)Ae) Al(3.14)3 2
2 PP MYt shal nle dEURAE PR
2 vehiEd chgat gol "l

PxeYz = Qx (4.28)
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w8 g B | o]
Y: & F8lazl ste hes UG of 2 MY ox «F
Hanel 2ee ol thez Yol Aok

ex = P-Yz - Qx (4.29)
JE fek A2 2419 AFe UE HaHdE i I
Ange] ot} o] ofef MMH vehd 4 9t

-1 a

n
Y, = [ s PkT'Pk] S PT o (4.30)
k=1 k=1

APl M2} npsi 2 W Yy o] Z HEE 7zt g
4 2ol EFAES Xik, YinES ¥42 U4 Q)

Ti =g Xi1, Yiy, , Xim, Yim ) (4.31)
olef Xik, Yike] oAt eXjo] whE Y. 7} GEEol U

Ehfie @l vhezt )
Bgl ag
ATE = —AXig + voee ¢ —AYin (4.32)
aXit 3Yin

4l (4.32)& Jacobian Matrixd& # A UElH tlgz} o]
"l

ATx AXiy ag1 ag1
ATy| = Jz-| AYiq Jz = | aXi1 ' aYim
AT : og2 . _9g2
- aXil aim
Aim 983 R 983
AYim iy aVim
a8 AXik, AYike= 25 oXi, 68Yi¢t S $EEXE 7}

B2 Ak, AYik 8] 2SR o[Fox| ATk, ATy,
AT: = QA 7h¢Ald B2E 2 8YH4E 8 + 38
o ztzbe] WFz2 ex= thga} Prh

E{ AT; } =0
m o 8gi 2
E( ATi2 } = 3 ']ax;2+z[ ]
k=1% aXik k=14 aYix
whaba ATx, ATy, AT & 2zt 6Xi, 8Yiel ﬂ%‘ Z3ow

)3

n o agi y2 |1/2 o o dgi 2 |172
ati = | s (=) | e | 2 () | ev
k=11 aXix k=1l aYik
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Al (4.33)% MWL o)&3t] HMEHE thFat o] Hch
AT = C2-8i. (4.34)
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sje|Beoldo R dojz AN 7|E2FAL} Fiuel 2EA
Alol2) HEHE MY VAc ko] 7 HJEoE IR £ girh
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Z4k 25k 26k | Zyk
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Zet = ( Zik, Zzk, Zsk, ccecees L Zak )T (4.37)
Zk? = ( Zxk, Zyk, Zzx )T (4,38)
e = (Zd Pzl )T (4.39)
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Rac. k-1’ 8] #BAQ Ric,k-1¥ Thst ol Fajach
RAc, k-1 = VAk-1-1-WAc k-1 (4.44)
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s Raoldg ol83td 23W otk 1T ¥ae T}
29 Aol sja) 72T
WAk = wAk-1 k-1aE (4. 45)
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