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Parallel Processing of One-sided Radon Transform for the Detection of
the Position and the Orientation of Planar Motion Object
o Shinichi Hirai, Tatsuhiko Tsuboi, Akihiro Masubuchi, and Masakazu Zakouji
Dept. of Robotics, Ritsumeikan Univ.
Abstract - In this report, we will develop parallel processing of one-sided Radon transform for the detec-
tion of the position and the orientation of a planar motion object. Detection of planar motion based on

one-sided Radon transform can be applied to arbitrary shapes and is robust against overlapping of objects
but it requires much computation time. Thus, we will construct a parallel computation of one-sided Radon

transform to reduce the computation time. The developed parallel algorithm is evaluated by comparing it

with the original algorithm.
keywords: vision, realtime, planar motion detection, one-sided Radon transform, FPGA

oO0go0ooooo
oO0gooooood
oOgooooooo
O0gooooooo
OOpgooOooooo
DopoooOooooo
OooooOooooo
ODooooOooOoOoo
DooooOooooo

OoOoooooOO

ooYoooooo

mDDDDDDDDD
LopHBoooooo
goooloooooo
ooooYoooooo
oooolUoooooo
EDDD%DDDDDD
AO0O0f000000
ThO OROOOO0O00

ob0ooooobooboobooobonog

Fig.1: FPGA board for realtime vision

N
©
°
Q
]
(=
L
o
[
2
>

2. FPGAOOOODOOOOODODO

O O O
OD0O0O00000000 000000000005 000 DD%DDDDDDMDDD
ooooooooooo 00000o0dooddgooo Uo - "'O0ogo0o0ogoog
o e e e e e o e o o s o o DDDDDDDDDMDDD
o e e e e o o o o s o o o DDDDDDD&D&DDD
ooooooooooo DDDDDDDDDDDDDDDDDDDDDDDWDnDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDMDDDD OepoO0d
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDMDDD
DDDDDDDDDDDDDDCDDDDDDDDDDDDDDDDDDDDDDMDDD
DDDDDDDDDDDDDDCDDDDDDDDDDDDDMDDDD EMDDDDD
DooOooooOoo0Oooooooooooogoooo2oBog®Eogooo

€

DDDDDDDDDDDDDDDDDDDDDDDDDDDDMDMDDD%MDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
oooooooooooodofooooooonogoooogogBooggBoood
DDDDDDDDDDDDDDMDDDDDDDDDDDDDDDDBDDDDDDDDD

Ooooooooooogon
Ooooooooooooond

ODOooOOooOoOO0goOOoO0ogOoodoogBooot

UopgoooooopoooogOdpooooggEoood
00000000000 D00Y 00000000 n000dgOgooodnoSooal
0000000000000 0r 00000000 n0O00dgOoooOdgpnooool,

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD&DDD%DW
OoOoOoOoOO0O0O0ODOODO0O0O0C 0000000000000 0Oo00OAn00-S00
DDDDDDDDDDDDDDMDDDDDDDDDDDDDDDDDDDVDDDmDD
OO0 O00000000000=S000000000000000O0o0oo0oon S00

OO0Oo0OoOoooooOono OoooooooooooOoood oDoooooooo &Aoo

1. 0000



(b) rotation ¢y

(a) original image go

P

do

X

Integral paths in Radon transform and
those in one-sided Radon transform

Fig.2:

(d) planar motion g3

(c) translation go

Fig.3: Planar motion of rigid object
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Step 1 Compute Usqmpie(p, ) and Uinput(p, 0).
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Step 2 Compute Feampie(f,0) and Finpus (f, 0).
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Voting in computation of one-sided
w(W—-1,H—-1) do

Radon transform

initialize array U (0, pr)
for (27]) = (Oa O)a (Oa 1)a o

Table 1:

Uinput (,0 + dO; oinput) v/0

oinput + 77/2

Step 5 Find dj that satisfies

B
Usample (,0, osample)
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Fig.5: Data flow in parallel algorithm

Table 2: Computed rotation angles

original parallel
actual || computed | error || computed | error
0° —1° | -1° —2° | =2°
30° 30° 0° 30° 0°
60° 64° 4° 64° 4°
90° 93° 3° 93° 3°
120° 122° 2° 119° | —1°
150° 148° | —2° 149° | —1°
180° 181° 1° 180° 0°
210° 219° 9° 218° 8°
240° 238° | —2° 245° 5°
270° 266° | —4° 277° 7°
300° 294° | —6° 299° | -1°
330° 324° | —6° 326° | —4°
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corresponding to tube images
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Fig.10: Sample image of object on air floating table
(a) sample image (b) input image
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Fig.11:  Successive images of object moving on
air floating table
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Fig.12:  Position and orientation computed by
original algorithm
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Fig.13:  Position and orientation computed by

parallel algorithm
goooooooo

gad(‘ray) gaf(xay) Z 90

; T,Y) = .
Ginput (2, 9) 0 otherwise

oOod
ooOoaod
O

I:‘DI:II:I
HDDD —

%LDDD

=

o

—

o

Ood

Ood

Ood

Ood

OooOsSO00
O
O
O
DDDS
0oOo
Ooo
oooYoo

DDDDDDDDDD’T}DDD%‘DDD
[\

I:II:II:IDI:H:II:I
O

ood
ood
oOod
— OO
DI:II:II:I
DI:II:II:I

—

DooooooOooor ooge goog
T
&

O (

O
O
DDD
Oog
Oog
Oog
Oono
Oono
Uog
Uog

O
O
ooooooooPoo

DDI:ID

O
O
O

o o e
o o s e s
o e e e e
e e e e e
o e e e e
o o o e e e
DooooodQg
OooooodQg
ooooooog

O
I e s o o Y

i
ODoodgpo-Uo
oDoooood

oooooooooo
oooooooooo
ooooooo0ooo
oooooooO0Ooo
oooogoogboo
oooooooUOosEood
ooooOooo

0000 m O
oooo

6. 0ood

oooog

oooo

oooo

oooog
ooooo
ooooo
ooooo
ooOooo
ooooo
ooooo
ooooo
oooog

gogon

oo
U
Uno

[an}
S i

200
2 O
ooooosoofPoooooo
ocooooooofoooooo

Oooooooooogd
o

cooO0poo0oo0olooon

oooUooOoofo
oooHoo0OooOdg
ooofPoo0oofo
ooofPoo0oobo
oooYoo0oodg
OoooPgoofgoodno
oooPoo0godg
oooHooboobg

oooCpooooooofPoooo
DDDEDD

o e e o o o e o e
o e e e o e e e
ODoobdoooooUooboOood
OooUooooooofboooog
oooUoooooootoooo
oooUOooooooOofloooo

o e

oogoogod

O O0oodgooooooooooao
oogooogod

O ooog

0000000000oooooooooooo (NE-
DO)OOUOO0OO0O0O0OOOO0OOUDOOOOOO

gbooaoo

1) Tsuboi, T., Masubuchi, A., Hirai, S., Yamamo-
to, S., Ohnishi, K., and Arimoto, S., Video-frame
Rate Detection of Position and Orientation of
Planar Motion Objects using One-sided Radon
Transform, Proc. IEEE Int. Conf. on Robotic-
s and Automation, Vol. 2, pp.1233-1238, Seoul,
May, 2001

2) Thompson, C. D., Fourier Transforms in VL-
SI, IEEE Trans. on Computers, Vol.C-32, No.11,
pp.1047-1057, 1983

3) Maresca, M., Lavin, M., and Li, H., Parallel Hough
Transform Algorithms on Polymorphic Torus Ar-
chitecture, Levialdi, S. eds., Multicomputer Vi-
sion, Academic Press, pp.9-21, 1988

4) Inoue, H., Tachikawa T., and Inaba, M., Robot
Vision System with a Correlation Chip for Real-
time Tracking, Optical Flow and Depth Map Gen-
eration, Proc. IEEE Int. Conf. on Robotics and
Automation, pp.1621-1626, Nice, May, 1992

5) Bugeja, A. and Yang, W., A Reconfigurable VL-
ST Coprocessing System for the Block Matching
Algorithm, IEEE Trans on VLSI Systems, Vol.5,
No.3, pp.329-337, 1995

6) Hariyama, M., Takeuchi, T., and Kameyama, M.,
VLSI Processor for Reliable Stereo Matching Based
on Adaptive Window-Size Selection, Proc. 2001
IEEE Int. Conf. on Robotics and Automation,
pp-1168-1173, Seoul, May, 2001

7) Eklund, J.-E., Svensson, C., and Astrém, A., VS-
LI Implementation of a Focal Plane Image Pro-
cessor — A Realization of the Near-Sensor Image
Processing Concept, IEEE Trans. on VLSI Sys-
tems, No.4, Vol.3, pp,322-335, 1996

8) Ishii, I., Nakabo, Y., and Ishikawa, M., Target
Tracking Algorithm for 1ms Visual Feedback Sys-
tem using Massively Parallel Processing Vision,
Proc. 1996 IEEE Int. Conf. on Robotics and Au-
tomation, pp.2309-2314, Mineapolis, May, 2001



