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( Computation of Robot Orientation and Localization using Repeating
Feature of Ceiling Textures )
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Abstract

A novel algorithm which computes the orentations and the locations of mobile robots with repeating feature of
ceiling textures is proposed. For orentation computation, the relative angle between a strait line on a ceiling
image and the center line of the robot is firstly computed. The relative angle is added to the global reference
angles of straight lines of the ceiling and a group of robot orientation candidates is composed. The robot
orientation is determined from such orientation candidate group by choosing the closest one to the previous robot
orientation. Similarly, the location of the robot is determined from the robot location candidate group by choosing
the closest one to the previous robot location, where robot location candidate group is composed by adding the
relative location of the robot to global locations of neighboring nodes of the previous robot locations. The
experiment has been done to test the accuracy of the algorithm in computing locations and orientations.
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Fig. 1. llustrations of the repeating texture of (a) wall

paper {b) ceiling. Repeating textures contain the
information of location and orientation.
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Flow diagram of the orientation computation
using straight lines on ceiling images.

a2 4 HXE HA 2uofM =M @ waiEo| st
EIIE HE A XY) QP BRI AHXY)
Fig. 4. World coordinatix',y) e and robot coordinate

{xy) of straight lines and crossing nodes.



fe<]

I8 4db)e}t 2 F
& {—7/2, 0, #/2, w}st & 4 79 ¥
%v} E, 94 A8ANME 22y ﬂnﬂa}
WA A, G o & e 2R dd Wgoez
N, y'2 B, y &3] Aol 2+g g8} a4 @
Mo AXE TN 2 AH 2R guFe] Zxel
0% TRz A A 2R IFe

{6—7/2, 0,0+7/2, 6+x} 9 shirl Do},
, @] dste ddste IR A Pk
& A T3, o] AT Mo ojFE 4x
0 = grh a¥d], e 7 4 d8E
FOZ 0= U /2, m £& —7/2 F 9
PAAE Fes)of gk
ghof 2R o] A &£E7F 3] vrlm P,
%, 289 Wk Agst ol Ao, 22 dx ¥
g 7hd o] RAd gt wEdH fAe wE
o] & Aolt}, o] WL g, E I, A9 B}
& {0-7/2, 6,0+7/2, 0+7} F a,_,°) 7VHE
grolth.

ol& YA, o, dAle

pr

=
A

My

m

L-xl
— 717

)
e

il

ol

Bgolgta &4,

a; = minjmod((8—a;_ )+ 37,27) — =,
(4)
gE{6~=/2, ,0,0+x/2, 6+x}

Zo|tt.

, 2719 e e AGsA AN Ee
Eel Wy dd, aAE oA

, 0,0+7/2, 6+n} F o= ZAxd JE

2 A7 d =HE Zo)7] wWiEelth wWalA o] oy

FAo] A gevhe & IRl gtk v oA

4= e »AE AdTh

2. 229 | AN

229 92E Ave) AalNe 17 59t 2ol F
el RAWEY AN WG F, 2R oA 97 3
& FHoz 58 Fue LAWEY AN AFS
A9 & A A HF FRE BAYE A

E

e dhg RHE o188 2R Wi U /X AL

(142)

gato] B¢ FAY ANE A7) wAP A A
MEZ EARL o8 7% QWY AT HH WD
%, o)A GAelN 23 949 AR e dAE

2A 23 IR BRBY.

29 404w el 2ol ooz s A% By
oA % el o] wAbste) e BE mARS)
ek 45el 5 49 2 & A g o o)
A weba o] AW AL ¢ 4 AT, FEZo)
Aoldns, TAYEY A4 A 5 Ao we
o] mARe Y Qe FWAA e AR
239 GA9 JAE AN 4+ Yok

old zade] YA A48 ZAHe A A4
g (X, Yo ) 82 & o, 44 9% ZadelAe
@AM A4 IR g2t 2e A 59 ol

EEE
2R Y

O3 5 daofM FMES| WAEE OB 2R ¢
A Ao RE
Fig. 5. Flow diagram of the location computation using

crossing nodes on ceiling images.



20109 53 MASHI =

{(x, )7 (X, 7))
=(X,_, +ic1d1,Y,-_1+k2d2)T (5)
ky k€ {—1,0,1}}

A71A 4,3 dyE x F3 y& 9 Aol

A7 BE g AREe wAge A A
& F 289 dXe g 2ol 7€ & Yok F,

23 AL el FAMY A9 2oB o C
a1, 429 24P 92 BE A BE AgUA
TR} T B, My CFY WIS 2R Wity
24,

A 23 WS a2 AN Qemz 7
£ BAC= & AxE & am n»e;k % vngr A
Fywe] asjue BAS

+s - (cos(ai—cp), )(ai—ga))T ©)

A (X Yz)T 2 99 F8 He 7HE £ glenz,

(€p00,)7 a8 94 9 B REch osh 2 WP

Axe a7 69 AAA Fusix W2 gl
A & 71€8ta Uk

a9, 2329 S$EE WEA 082 (r,,y,)"

AL (2,10, ) 8 7ol 9RSA Bk webA
2ol A4 944 g

08 6 2ol wek gl =2 ZA ZFHEE 0|8
Bt 22eo| HOf x| AHpt

Fig. 6. Computaton of robot Ilocation using the
orientation of robot and the vector between a
node on an image and robot center.

M4 HSCHHMIZ 9

(%—1:%—1)%

(xivyi)T: min'(wpiiypi)T—

(xpivyg;i)T: (‘Xl’ YZ)T
+ 5 (COS (ai - CP), Sin(ai - ‘P))T
= (Xi— (thdy Yo+ kZdZ)T
+5 - (cos(a;—~ ), sin(a;~ @))T
ki, k€ {—1,0,1}
(N
Z Aktsx

(@py)T= min [{(X;_;+kidy, Vi1 +Epdy)”

k, k= {—1,01}
+s - (Cos(ai“P): Sin(az‘_@))T}—(zi—l’yi—l)Tl ®

2A 22 JAAL 7% & Ak ky Sk, & L
0, 1) FelA ® Hol Ad @g e golth 4 @
ojstu, dAle] s vehbe 2 (X, ¥)7
AHE 7 4 gtk

AzHoz 43 Y A (X,_,,¥,_)7 & ol
A ZedelMe 22 A (z_,v )7 T 29,
239 @7 99 @ o) ehbe 23 93
4@ 24 6EE olgsta AN 5 i we
AN, 23 27) AL FAH, A 6) of 8, 2R
o 98 AAYeE ANG F e Hod, 4 ®)F
Ol $EE, (z,y)TH UF A2l FHEA Fen
E 528 540 gl

Iv. 48 { 4E

AR dneFE o8N A A dRe =
2 g 9 93 JAedTE Y8 AR 1F
e a3 b & 29 dubAQ) AFde] A
AFHEA, 7 3 A Ee] AZYA WA= sl
Fejoloh. A 2z} Wo] et RojME JAd
| A&H3, HApRgo] ojojxe AN AAA &
T3 3.

Ftletes A4S Fato] dAsA T, FEs] 4o
g4 5 JEF 28 1 71 el —46]1 EE R
A itk Ad B4 e vl M e A o
£ 270cm °I1 1, FHelgt ¥0)= S0emol AT WE %
AA A AEY AFE AAAM B QT 1d?
e AP vt BeFol A 44 =88

]

ot

L

ot

()

Jd



10

Orientation of Stalr Path
200[—
‘l ! ! U] measured orientation
: . . . | = real orientation
I ! i i 1 [
1601 = - |- prebiny < | - b < - -
I | i | g i
1 I i L ] 1
1 ] i ! | i
60 -~ — -1 - -t~ — k- — - - ———-H- - -
-~ | I H | i
8‘ { ' 1 ! i i
= 1 | 1 | !
A i SR S S S (R
8 | | ; | ] 1
5 1 i i t ] 1
s | ' ' ' |
f (e ] P (WIS SN AT SN S
! ! H ! 1
I I i I | I
1 I i | 1
I i i i
0 --—-q4---F-3~--f7---F~-+d---"h---1
| H t 3 !
«—'ﬂ:‘;r”% Thaco s i P ot L |
| | ’ i ) | |
80 L A M I} I3 L
0 2000 4000 6000 8OO0 10000 12000 14000 16000
sample
(@
Staerath
35 T T T
g! e measured path without catibration
“ —— measured path with calibration
37_, ,,,,, - —

—— real path
] i

!
|
'
'
|

Ozl 7. 2RE AHcky ZZ2el 251 fxloAM S¢s10f
zt A& QAR olsAIle Zo ENE 2R 4
& FHa)et 22 2A| ¥ b2l Hju

Fig. 7. Comparisons of robot orentations (a) and

locations {b) between real path and measured
paths while the robot is moved along a stair
path starting from a point of bottom right.
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