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Abstract

Inferring and recognizing 3D objects from a 2D occluded image has been an important research
area of computer vision. The octree model, a hierarchical volume description of 3D objects, may be
utilized to generate projected images from arbitrary viewing directions, thereby providing an
efficient means of the data base for 3D object recognition. We present a fast algorithm of finding
the 4 pairs of feature points to estimate the viewing direction. The method is based on matching
the object contour to the reference occluded shapes of 49 viewing directions. The initially best
matched viewing direction is calibrated by searching for the 4 pairs of feature points between the
input image and the image projected along the estimated viewing direction. Then the input shape
is recognized by matching to the projected shape. The computational complexity of the proposed
method is shown to be Ox% in the worst case, and that of the simple combinatorial method is
O(m* - nY), where m and » denote the number of feature points of the 3D model object and the 2D
object, respectively.
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when p, and p, are matched to
g and gq,, respectively;
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(3): Let I, denote the model image associated
with the minimum D,,;
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pai

Step (5): For (x=0; x<n-1. x++) {

For (y=x+1; y<m; y++) {
Let S,={p; 0, 0., p,} denote a set
of 4 points in the input image;
Let Sy= {q4 q,, Xp), Ap,)} denote
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a set of 4 points in I,;

Compute V| and V, using Eq. (1);

If ( V, and Vy satisfy Eq. (2) {
Compute the viewing direction

using Eq. (4)
Generate the 2D projected
image using the octree,
Compute D,, between the
model and the input images.:
If ( D,, < Threshold) Stop:
}
}
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(An Implementation of an Attention Operator Using
Neural Network for Multiple Object Detection)
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Abstract

This paper presents an implementation of an attention operator for context-free multiple object
detection using modified radial basis function network. In order to implement the attention operator
for multiple object detection, we modified the conventional generalized symmetry transform and
inserted Il-neurons between the hidden layer and the output layer of the radial basis function
network. Unlike the conventional attention operator, we can detect only the inner points of each
object without an erroneous detection of the interobject region by adjusting the mean vector of the
hidden layer neurons and the synaptic weight between the [I-neurons and the output layer neurons
to reflect the convergence, divergence and the consistency of the orientation of the intensity
gradient. The simulation results show that the proposed algorithm can efficiently detect multiple
objects without a priori knowledge.

- Aol 2t B Qs ohE B4 el B

o] AT ol o)} 2e o 24 A

A2 A% wdeld AR A e B A e o BAlel o Ak AR glels

Bal QATold BA QS S8 Bopl whdele] MRS Tobd o BAS 8 Teke B AE

wol Ai7slo] gtov] B3] ofe] Balb EAshz of o W AFIL Asslolok shul, ole] B AT-Se]
gars) Fapslw Qe

T IEER, BB ETFER IR EAl it AR ARo Foal Al oA
(The School of Electronics and Electrical Enginee- Goudail 5" 24 geje] w2 Agk(window
ring, Kyungpook National University) ' function)2} Bayes ©]2& o]&3l] EAE &3
BB AF107E3H 140, $492019974981 H T, Ghosal §'°'& 2% iy A9 el wje}

(735)



7}

AAZ} Zernike HEIE ol83ld EAE HE3Ich
g4, Trivedi 5972 sIy cdabol] ofs) B4 &4
x9S dAstw 18] Zr|9} oFA B
Aol iyt AR Hxe} wlaste] EAE AEskch
€ WiyellMes B4 = e 5o AR AR
ol&sle] EAE HEdlnE AE did BAY F
Fob 271l wlel wiE Al ulE A Balee}
2zl Azte] Zlizle] o] tlE EA| HEC 435
717 gl webd, Zapden o EAE HEs
71 Aaide EAlol izt AR AR glol® o= el
o EAE &% 5 gl uikle] "3t

3, & dAF A Jig AR AR §le

.0
o2

o]

=

=

% Reisfeld $'"'& 4] <9 ZZExKattention
operator) 24] AHks} A W3 generalized sy-

mmetry transform)-& Alekslzy, tiakel gk ARd
AR oz B4, A dF, 47 WY & o §
9] A dY(region of interest)2 ZAEslct 7
v}, o] odulsl oy wEe o A w3k sjajo] BAt
g b ohe}l Ahgel ¥ diA 7] E(symmetry
contribution)7} A% TH=Ee 59 EA-e] itk
w3l vl BAl AEel 48% A9 A vtz a2
718} 7o) sl F EA Al BYx B4l 4y
o2 AEs A z=7] Wl Wt dA vixzm
2715 7P sof sk = wHE e ofE A
Ab AzZko] g7EIch

mzla, olEldt #/A 9Y FEAE vhE EA AHE
o AxpH o 43ty e BARE M S
weslA] 7|3, QA EAl7r A (interobject sy-
mmetry)ol 213+ A E(symmetry magnitude)}
zheoll 93t ALS AABld EA Al IS
A2 eqlshs o] §EE e byt AR =
719 el oA trzew ofe @)Y o BAS
HED 5 e o] dFElejo} 3tk

2 =¥olx= RBF wHradial basis function
network)& o83t EA|Ee gt Ak AHE glo]
= o EAE aRes 3RS 5 e 9 9
FEAE TG AR whelMe A
AAS 2 uledsls RBF W) &2 53
olefl FAl& sz o] F&(ll-neuron)E F713}
of ok} oA HES Wy PGl oY A WY
F8% RBF "Hmodified radial basis function
network: MRBFN)<] e A dE

wko
W

[e=]

1
=
&

o
F A

<]

L

= )
= =

s EA AEL AT BA 9o FEAE AT 7

(736)

K

glo] Flal 2¥E 7Y Aleld] AAAE JH o
A} shro] wxwsl wleKorientation of intensity
gradient)®] HA, WA 2 A A HleislE
Aoz 9T FAZ A % A
AAst] FA Ale]e) ¥ G2 EAE &S}
| 1 o5 FAEHS HAEY 5 =S 9 3
Lo o7 AT FAHA] YTE sk A
o 2Z215 A4we R pHgeExn 1 My IHE
Be3ha 7| sledle] FHE 8ol3leE glrh =
3 gle oake Felris pxe wWIRE 3 ARRE
MRBFN-& el-83rees =l =7]e AHPe=w:
ofz] =7|9] olE FAE AHHCE ZHEY F o=
2 ok Akt 73 whde] ehdAdE #]1sp] 4
8 o] EA7} Exlzhs Aol disf AlEHeldslw
o AANE AE 2A&sdch

o

N

. RBF 22 0|88 B ¥of 5K
FE ofF X 4B

£ =FolAi= RBF & ol43le] dulkst i3] 4
e GF A A3 AleE Hy 7R, ol
olgsled tiF EAE AxpHoz ZAEsch A
ot 24 AE B a3 19 Zo] ¥
Fejele F2E WA F |z 7h Fo

.
=

[SAR-2x-1
s A} 34K gradient operator)E AHE3le] o
A W) Fagh 7; 3] HEEte] =7|(ma-

gnitude of intensity gradient)e} ¥WFFS- Fslgct
zh shame] wmst wieke] A A B i
< & Wkdsi=E RBF W& ¥ty olF o83l
7z} Fgivle 2o A% =l(symmetry magnitude
map)& TR F olEE FAT 33 dA= W
(3-dimensional symmetry magnitude map)ellAl
HE & T3l EAE AE3ch

1. Quks} op et

Reisfeld o] Agkgt onis} A HEL 7; sk
o] Hxwsle] mr|el WIFS o]83le] oA oo <
oA FAE WA 7|HEE Al Ak delA
qAAde] 7 Y-S BRI WA, HEws v
3o 2 HE] $)A) 715 §(phase weight function)
P, )=

P(i, ) = [1—cos(6;+ 0,—2a)1%[1—cos(8;— §,)] o))



1974 9F ETTREWLH £ 48 CR FIO8

Input image

l

Construct image pyramid
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intensity gradient of pixel using gradient operator
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Obtain symmetry magnitude map for each !
pyramid layer using MRBFN
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magnitude map

)
Detected object information
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Fig. 1. Flow chart for the proposed object de-
tection algorithm.
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Fig. 2. Structure of the MRBFN.
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of the orientation of the intensity gradient
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orientation of the intensity gradient in the
input field with interobject region.

Fig. 3.
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(An Efficient 2-D Convolver Chip for Real-Time Image
Processing)
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Abstract

This paper proposes a new real-time 2-D convolver filter architecture without using any
multiplier. To meet the massive amount of computations for real-time image processing, several
commercial 2-D convolver chips have many multipliers occupying large VLSI area. The proposed
architecture using only one shift-and-accumulator can reduce the chip size by more than 70 % of
commercial 2-D convolver filter chips and can meet the real-time image processing requirement, i.e.,
the standard of CCIR601. In addition, the proposed chip can be used for not only 2-I) image
processing but also 1-D signal processing and has good scalability for higher speed applications. We
have simulated the architecture by using VHDL models and have performed logic synthesis. We
used the Samsung SOG cell library(KG60K) and verified completely function and timing simulations.
The implemented filter chip consists of only 3,893 gates, operates at 125 MHz and can meet the
real-time image processing requirement, that is, 720xX480 pixels per frame and 30 frames per
second(10.4 Mpixels/second).
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Fig. 7. The Input Control Unit.
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Fig. 8. The photograph of the implemented filter
chip.

% 19] §4717F 9l+ HARRIS semicondutorAb

©] HSP48901 & 3x3 o4 ezl B w7
ol Aleket Wejsh R 715E 2 Belole} A

> =%

Moz ulwslr] $ls) AAsisch =719 dele A

P A1) S8l T whel el Wsk A
o] we Adl EelHal =% AMge g Alel=

8 3pgdrl HSP489019 #+4-2 HARRIS semi-

condutorAte] el & gEPT A4k B A

olE = FINEA & IAR wiFde EAE
ZE ulgto gsted 4702 EaMA| A8 (transistor)E 1

e} Aoz Aiksle e Fxlolw FAZI= 90
9] widd FA7)(array multiplier) & ARERF ZHoR
7} shgick

% 104 Eahmle}l zro] HSP48901-2 13,594709]
AoleR PAEW B =l Akl "elo Alol®
2 38037 oleg of 7T1%9 Alel®E 4 FIE
Bokrh =3 B =Fola Al el 720%x480
7|9 AARAFE 2T 30 ZHYeR AN 2T
5 olrh dHolet &% of z=r]e] w]ERellA 188 &
spAoln] AA He|& AlPshs A4k 2o nleS
oF 3.1uf =3t



6 A AN 94A-E 2-D

E:3 1. 7189 dg 4o v
Table 1. Comparison with other filter chips.
o ] s | Z‘EﬁJ |
Azd 28 &5 | D ME 1% MHz 125 MHz
dlojel 22 £ | 3) Mpixel/sec | 176 Mpixel/sec | 156 Mpixel/sec
AplE & 135% gates | 9 7500 gates | 3893 gates
A2l $5/Al01E 42 220 Kpixel/gate| 2F 234 Kpixel/gate| 402 Kpixel/gate

mg 7)22) SAR ol4% Gelske] wlae o
ov ATSEE FUR +EE FAY 4+ 2lov] SA
£ Ol N2 =2y 7Hple) wESE 16 e
oA elER RaAA G4 o) ves il &
o 4 ek

V.28 &

B =idlie MEde o =27)9 B]%‘l A
T odv HEFA " 3o AR FE2E Akl
AAIEEE ol FAZIE ARSI KPPM SA
g S B FER AlP|E £F Ry F
A7) 8 A8 "elo] 70% o4 7&i*l?b.‘£ 720 %
480 =719 <34} dlolelE Zuk 30 mI|YL®R A4
7t AMeE sl FEHE Fsked AuERlse o
A7|HeNME s sk =3 7]E8] SA
£ A3k FElo] H|sle] SAS FF Pl 17)
2 Z9lon] Eg]y sMir]e] v]ES 16 H|EoA 8
BlEZ zhaAlgoh Algkd "ee A SOG A e
olBzjE]E AlMg3le] FEEgl e 3893704 AlelE
2 A=Y Ho 52 Fal= 125 MHzelth

S

el

Rafael C. Gonzalez and Richard E. woods,
Digital Image Processing, Addison
Wesley, June 1993, pp. 189-200.

Milan Sonka, Vaclav Hlavac and Roger

Bovle, Image Processing, Analysis and
Machine Vision, Chapman and Hall, 1993,

(750)

[10]

[11]

[12]

BRit3E 4t

pp. 67-96.

Edward R. Dougherty, Digital Image

Processing Methods, Marcel Dekker,
1994, pp. 1-19.
HARRIS semiconductor Inc., Digital

Signal Processing, 1994.

Vijai K. Madisetti, VLSI Digital Signal
Processors, Butterworth-Heinemann,
1995, pp. 121-129.

Neil HE. Weste and Kamran Eshraghian,
Principles of CMOS VLSI Design,
Addson Wesley, 1993, pp. 317-325.

R. Jain, R. T. Yang, T. Yoshino, FIR-
GEN: A computer—aided design system
for high performance FIR filter integrated
circuit, IEEE Trans. Signal process., vol.
39, pp. 1655-1668, July 1991.

T. Yoshino, R. Jain, P. T. Yang, H.
Davis, W. Gass, and A. H. Shah, A
100-MHz 64-tap FIR digital filter in
0.8-mm BiCMOS gate array, IEEE J.
Solid-State Circuit., vol. 25, pp. 1494~
1501, Dec. 1990.

M. Ishikawa et al,
synthesis for FIR filters using a silicon
compiler, in Proc, 1990 IEEE Int. Symp.
Circuit Syst., May 1990, New Orleans,
LA, pp. 2583-2591.

Woo Jin Oh and Yong Hoon Lee,
Implementation of Programmable Multi-

Automatic layout

plierless FIR Filters with Power-of-two
Coefficient, IEEE Trans. Circuits Syst.,
vol. 42, pp. 553-555, August 1995.

K. Khoo, A. Kwentus, and A. N. Willson,
Jr., An efficient 175MHz Programmable
FIR digital Filter, in Proc. 1993 IEEE
Int. Conf Circuits Syst., Chicago, IL, pp.
72-75, May 1993.
ISO-IEC/JTC1/SC29/WG11, MPEG92/229
(revised), Information on requirements
for MPEG-2 Video, Jul. 1992.



19974 10 BEFITHEHIGE £ M4 8 CHE $ 10 %

X A A2

Bt BERR) BT FMERHE) % 34% CIR % 55 B
199641 24 oPFeista AAL-get

AL 1996 24 ~ WA oelataL

AAgEE AAE, Bl ok B4

2 Als e84 ASIC 4A

(751)



