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Abstract

In this paper, we proposed the architecture of the decoder which implements the multi-view
images decoding algorithm. The study of the hardware structure of the multi-view image
processing has not been accomplished. The proposed muiti-view images decoder operates in a three
stage pipelined manner and extracts the depth of the pixels of the decoded image every clock. The
nmulti-view images decoder consists of three modules, Node selector which transfers the value of
the nodes repeatedly and Depth Extractor which extracts the depth of each pixel from the four
values of the nodes and Affine Transformer which generates the projecting position on the image
plane from the values of the pixels and the specified viewpoint. The proposed architecture is
designed and simulated by the Max+PlusIl design tool and the operating frequency is 30MHz. The

image can be constructed in a real time by the decoder with the proposed architecture.
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I. Introduction

Information has various expression patterns such
still pictures,
moving pictures (movie and TV) etc.. The technical
development in the fields of semiconductor, integrated
circuit design, image compression and digital

as letters, figures, voices, sounds,
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telecommunications makes it possible to deliver the
information compounding many different media to
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one medium. The successive development of the
technology related to the mmltimedia makes it
possible to test broadcast HDTV that affects to the
industry and life through ISDN. By this development
trend, the 3-dimensional TV will be raised as a next
generation medium bringing out the revolution of the
information system to transfer lots of data more than
HDTV. The 3-dimensional image coding is one of
the most important technologies in the 3D TV
technologies. The 3-dimensional image processing
requires the high image compression technology to
transfer or store the image data because of ifs
nature of a great number of data. In addition, it
requires fast image processing algorithm and the
parallel processing architecture for the applications.
The problem of the stereo image correspondence
has been studied to obtain the depth information of
the object”™ And also it has been worked that a
multi-view
capability is an extended stereoscopic system*® The
concept of disparity compensation has extended to
the rudti-view irmages to store or transfer rudti-
view images®™ The methods proposed in the

image system with the look-around

reference 5 and 6 compressed the nmulti-view irmages
by utilizing only the correlation between two
ignoring the high correlation
among all of the multi-view images. Fujii et a”

consecutive  views,
suggests the compressing method using the
geometric constraint on ruwdti-view irmages. These
methods expressed depth information and texture by
using the disparity compensation which is based on
the affine transform from the rudti-view images. In
the reference 8, the depth information is determined
by the block-based disparity compensation and then
texture is extracted from the nudti-view images by
using a disparity compensation based on the affine
transform and finally quality of the decoded image is
improved. Grammdlidis et al® proposed the video
coding technique which can be applied for
multi-view images coding.

The study of the hardware architecture of the
multi-view images processing has not been studied.
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In this paper, we propose the architecture of the
multi-view images decoder to generate images at the
specific viewpoint from the depth information and
texture of rmulti-view images expressed by the
methods in reference 7 and 8 The nuwiti-view
images decoder extracts the depth value of each
pixel from the values of the nodes and calculates the
projection point on the image plane for the given
specific viewpoint. And then, the decoded image is
generated by mapping the texture to each projected
pixel. The proposed rudti-view
operates on the 3-stage pipelined manner and
consists of Node Selector, Depth Extractor, and
Affine Transformer. The proposed rmudti-view images
decoder generates the depth value of the pixels of
the decoded image every clock.

In section 2, the rulti-view images decoding
algorithm is explained. In section 3, the proposed
hardware architecture of the nwiti-view
decoder with the 3-stage pipelined architecture is
described. Conclusion is described in section 4.

images decoder

images

II. Multi-view image decoding
algorithm

In this section, we describe the rmudti-view images
decoding algorithm generating the rudti-view irages
at specific viewpoint from depth information and
triangular patches with texture. When photographing
the objects at the same time by using several
cameras or by moving one camera, we can get
slightly different images for the same object. These
obtained several images are called the nudti-view
image set or the rulti-view irmges.

Fig. 1 shows the nudti-view images obtained by
shifting the focus o the camera along the X axis
satisfying the epipolar constraint. The locations o
the focus are (—2D, 0, 20), (-D, 0, 20), 0, 0, 20),
(D, 0, 20), and (2D, 0, 20). The camera is oriented
toward the z direction and the generated image is
aligned to the X-Y plane. Fig. 2 shows the
nudti-view inage encoding and decoding process.
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Fig. 1. The set of the multi-view images.

The nudti-view images encoder normalize the object
space and reconstruct the object in the normalized
space.”‘S] In the normalized space,
expressed with the depth information and texture by
the nudti-view
images decoder generates the images at specific
viewpoints with the depth information and texture.

objects are

images encoder. The mudti-view

Depeh

a8 2. A daky d=zdy / bay A
Fig. 2. The process for encoding,/decoding the

multi-view images;, Depth and texture are
extracted from the multi-view images by
encoder and the decoder generates the
images at arbitrary viewpoint from the
depth and texture information.

The rudti-view images are conpressed to the
3-dimensional depth information in ncrmalized object
space and fexture mapped on the triangular patch.
Fig. 3 shows the process of generating the mudt-
view images from the depth information and texture
of the triangular patch extracted in the encoding
process. The inputs to the rudti-view inuages
decoder consist of the depth information of the
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nodes, texture and viewpoint. The depth information
of the nodes is made up with the first depth
information of 8X8 pixels in normalized object space
as shown in Fig. 3. It appears every 8 pixel on the
X-Y planes and the value of the node is on the Z
axis. Texture is the intensity value corresponded to
triangular patch plane constructed with the values of
the three adjacent nodes. The number of pixels is
256%256 and each pixel has the 256 gray levels with
the 8 bits. Viewpoint is used to generate the images
from the depth information of the node and texture
at the specific camera position.

‘:camera position

3% 3. A 94 TlmEe FolRl AdelA o4
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The nulti-view images decoder generates
the image for the specific viewpoint.
L(m,n) is the generated image when the

Fig. 3.

viewpoint n is 2.

In Fig. 3, we can suppose that 3 dimensional
triceratops is in the normalized chject space from the
depth information and texture. When the dinosaur in
the object space is photographed from the specific
camera position n, the relation between the objects in
the normalized object space and the projected image
I(m, Dis given Eq. (1) and Eq. (2. The value m
which is the X axis value of the image I.(m,[) is
expressed as in Eq. (1). Because of the epipolar
constraint, the value 1 which is the Y axis value of
the image I,(m,!) is expressed as in Eq. (2).

6]
)

m=X+nZ
I=Y
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Algorithm 1 shows the pseudo-code of the
decoding algorithm generating the images at the
specific viewpoint from the depth information of the
nodes and texture.

Input : depth irzfomwion o the nodes, texture,
viewpoint

Output :@ the generated image at the specific
viewpoint.
Stepl : The depth information of the nodes compo-

sed of 33X33 is inputted in fours repeatedly
and each pixel value of 256X256 images is
extracted sequentially.

Step? : By using each pixel value obtained from
stepl and the specific viewpoint, the position
projected on the image plane, that is, Eq. (1)
is calculated.

Step3 : With mapping texture of triangular patches

at each pixel projected, images are generated
at the specific viewpoint.

adw2)E 1 oA A G4 olEd duelEe ¢ IE
Algorithm 1: The pesudo—code of the algorithm for
decoding the multi-view images.

M. Multi-view images decoder with
the 3-stage pipelined architecture

In this section, we describe the hardware architec-
ture of the ruidti-view images decoder with the
3-stage pipelined architecture suggested in this
paper. Fig. 4 is the block diagram of the rmudti-view
images decoder. The mudti-view images decoder of
the proposed pipelined architecture consists of three
parts, Node éelector which transfers the values of
the nodes repeatedly and Depth Extractor which
extracts the depth value of each pixel from the
values of the nodes and Affine Transformer which
computes the projecting position on the image plane
from the depth value of the pixels and specific
viewpoint.
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Fig. 4. The block diagram of the proposed muiti-
view images decoder with the 3-stage
pipelined architecture.
1. The architecture of Node Selector
The input of the nuwdti-view irmuges decoder

consists of the depth information of the nodes,
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Fig. 5. The process for decoding the multi-view
images (a) The pixel shaded with the dark
(I called nodes represents the pixel with
the depth value (b) The enlarged drawing
of the four adjacent nodes in (a); The 8%X8
pixels are divided into two groups, UTP
(Upper Triangular Patch) and LTP(Lower
Triangular Patch). {(c) The pixel with the
depth value is mapped into the image by
affine transform.
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texture and viewpoint. The size of the texture is 256
X256 and each pixel has the 256 gray levels with 8
bits. The node is defined every 8 pixels and the
number of the node is 33 in row and 33 in column
as shown Fig. 5(a). Only the pixels called node have
the value and the value of the node is represented
with 6 bits. Viewpoint is the location of the focus in
the camera. The range of the viewpoint is -8<n<7
and the value is represented with 4 bits including
the sign bit.

Fig. 5(b) shows the pixels bounded by the nodes
N, N5, Nz, and Ns. The rectangle with the 8X8
pixels is divided into two triangular patches called
UTP(Upper Triangular Patch) and LTP(Lower
Triangular Patch). Fig. 5(c) shows the 3-dimensional
plot of Fig. 5(b). The pixel shaded with M is the
pixels on LTP, so it has the position whose value is
determined by the values N, Nx and Nx. The
depth value of the pixels on UTP is determined by
the nodes N, N2 and Nz As shown in Fig. 5(c),
the node shaded with WM is projected on the image
plane by Eq. (1) and Eq. (2) and we will explain
details in the description of Affine Transformer
module. Fig. 6 is the circuit of Node Selector. The
signal Depth in the circuit is the depth value of the
nodes. The depth values of the nodes are inputted to
Node Selector from the depth value of the nodes on
the first row (Vi, No, -+, Nx) to the depth value of
the nodes on the last row (Nws, Nas, -, Nixo)
sequentially. To calculate the depth value of pixels
on the 8 lines within the rectangle B; in Fig. 5(a)
which is bounded by the nodes of the first row and
the nodes of the second row, the value of the nodes
on the first row and the second row are transferred
in fours repeatedly. That is to say, N is transferred
to A, Mois to B, Ny is to C and Nx is to D.
Because the rectangle Bi consists of 8 lines, the four
values of the nodes are transfered to 4, B, C and D
repeat 8 times. Node Selector repeats the upper
process from the rectangle B: to the rectangle Bxp
sequentially until all the pixel depth values are
obtained.
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Fig. 6. The circuit diagram of Node Selector.

Node selector consists of 2 MUXs, 2 register
files, RFF A and EF B each of which can store the
33 depth values of the node, and four Node
Registers which latch the value during the 8 clock
periods. We will explain the behavior of Node
Selector while the pixels are processed in the
rectangle Bi in Fig. 5(a). RF A and RF B in Fig. 6
have the depth values of the nodes on the second
row and the first row, respectively. The registers Hi,
Ho, Rs, and K4 in Fig. 6 have the depth value of the
nodes Ny, N, Nas, and Nss in Fig. 5(a), respectively.
The values of Register File is shifted every clock,
and then the next node values (No, Ns, N, Ng) is
latched after the 8 clocks and transferred to the
value of the nodes A, B, C, and D, respectively. To
calculate the depth value of the pixels in the
rectangle B in sequence, Node selector repeats the
upper process 8 times. When the pixels on the eight
line in the rectangle B: is computed, the depth
values of the nodes on the third row (Ne;, Nes, ',
Ng) is transferred to the RF A and the values of
the RF A is transferred to the RF' B. Therefore RF
A and RF B have the depth values of the nodes
(Nei, Ng, -+, Np) and (Nm, Nz, -, Neg),
respectively.

2. The architecture of Depth Extractor

Depth Extractor calculates the value of the eight
pixels on the activated line sequentially with the four
vatlues coming from Node Selector. Fig. 7 shows the
process for the calculation of the eight pixels on the



20024 4B BFLEEHGE £394% SDIE H 4%

fourth line which is the activated line from the
values A, B, C and D which are the values of the
pixels, N, N+, N; and Njs, respectively.

The activated line is the row which is under
calculation. In Fg. 7(a), the fourth line is the
activated line and the depth value of the pixels on
the activated line should be calculated. The depth
values of the pixels are calculated through the three
steps. The first step is shown in Fig. 7(b). The
value @ of the pixel PQ which is the first pixel on
the activated line is calculated by linearly inter-
polating the value A (the depth value of the pixel
Ni) and C (the depth value of the pixel Nj). The
value R (the depth value of the pixel PR) and T
(the depth value of the pixel PT) are also calculated
by lkinearly interpolating the value A and the value
D, the value B and the value D, respectively. In the
second step which is shown in Fig. 7(c), the
incremental amounts between the adjacent pixels on
the activated line JQR and JRT are calculated
from the values ¢, R and T. In the final step, the
depth value of the each pixels on the activated line
are calculated with the values @ and K calculated in
stepl and JOR and AJRT calculated in step2. The
final step is shown in Fig. 7(d). The pixel on the
LTP(Lower Triangular  Patch) calculated
sequentially by Eq. (3) from the values @ and JQR.
The pixels on the UTP(Upper Tricngular Patch) are
calculated sequentially by Eq. (4) from the values R
and JRT.

are

P,'+1 = P,+AQR
Piy,=P+ART

Niwr

2

Pr

N

(b)
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The steps for calculating the depth value of
the pixels on the activated line. (a) Fourth
line is the activated line and the depth
value of the pixels on the activated line
should be calculated. (b) The values @, R
and T are computed in stepl. (¢) The
incremental amounts between the adjacent
pixels, JQR and JRT are extracted in
step2. (d) In step3, the depth values of the
pixels on the activated line are calculated.

Fig. 7.

Depth extractor operates on the 3-stage pipelined
manner consisting of three blocks called three
Vertical Interpolators, Delta Extractor and Horizontal
Interpolator. Fig. 8 shows the block diagram of
Depth Extractor which performs the computations of
the stepl described above. The functional block VII
calculates the value @ of the pixel PQ from the A
and C. The functional block V2 and VI3 compute
the value R and 7, respectively. Delta Extractor and
Horizontal Interpolator perform the computation of
the step2 and step3 described above, respectively.

A Q

A Vi2 R Delta HI | p
D Extractor AGR i
] 4 >

D VI3

2] 8. 3709 Vertical Interpolator, Delta Extractor
¢} Horizontal Interpolator® 1% Depth
Extractor®] 22 tio]o]zel

The block diagram of Depth Extractor with
the 3-stage pipelined architecture consisting
of three Vertical Interpolators, Delta
Extractor, and Horizontal Interpolator.

Fig. 8.

Each functional block performs the computation
within the eight clock periods. Fig. 9 shows the
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pipelined operations of Depth Extractor. The three
Vertical Interpolators calculate the values @), R and
T of the pixels Po, Pr and Pr on the activated line
in the block Blodk» during the eight clock periods
starting from the time 7. Also, Depth Extractor
computes JQR and JRT for the block Blockk+1 and
Horizontal Interpolator outputs the depth value of the
pixels on the activated line in the Block. During
eight clock periods starting from the time 7T+8§,
Vertical Interpolators compute the values ¢, R and
T of the pixels on the activated line in the block
Blodkis and Depth Extractor computes the ZJQR
and ZRT on the activated line in the block Blocki:2
and Horizontal Interpolator outputs the depth value
of the pixels on the activated line in the Blodka
every clock. If we investigate the computation
performed on the pixels on the activated line in the
block Blodk, represented within the dotted line in
Fig. 9, the values @, R and T are calculated during
the eight clock periods starting from the time T and
AQR and ART are calculated during the eight clock

N-‘ Ni+l N.-+z Ni+3
[ | ] | I
Block, | Blocky,, | Blocky,, | Blocky.,
R 6555000 4 0 AL O 2 0 i
L] L w L A h
N N, N. N

i+3
currently active line

clock T
clock T+8
clock T+16 R R e sy
ﬁ HI B DE VI

32| 9. Depth Extractor?] s}o]zelel EFxzte] elo]
tholo] 22 2d€ 4L Vertical
Interpolator?} AlAtEE EFo|3w RBR9}

2 F3" 99 Depth Extractor®}
Horizontdl Interpolator7y AA-E & B-Zolt}

Fig. 9. This figure shows the timing diagram of
the pipelined operation of Depth Extractor.
The shaded area with represents the
block where Vertical Interpolator is
computing. The shaded area with B and
represents the blocks where Depth
Extractor and Horizontal Interpolator are

computing, respectively.
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periods starting from the time 7+8 and finally the
depth value of each pixel is outputted every clock
starting from the time T-16.

3. The architecture of Affine Transformer

The corresponding point on the generated image at
the viewpoint can be determined by the Affine
transformation using in Eq. (1) with the depth value
of the pixel and the viewpoint. In Fig. 10(a), the
depth of the pixel P; is Z and the texture of the
pixel is represented as T(P). The corresponding
point on the generated images are shifted to the
right linearly according to the increase of the

Texture

P ﬁ

(a)
g4 Pl Aol B AH noE2HE ofd
Wil 93 AA=Ee AR Al o

[«]
3.

(b)

ag 10.

Fig. 10. The corresponding point on the generated
image is determined by the Affine
transformation from the depth value of the
pixel P; and the viewpoint n. The texture
on the pixel P; is mapped to the
corresponding point on the generated

images.

10
Muitiplier Add [=» X+ nZ

10
Adder =¥ X+ nZ

(b)
2| 11. (a) Affine Transformer?] B2 tio]e]zed
(b) Affine Transformer®] AAI%} 3|2
Fig. 11. (a) The block diagram of Affine Trans-
former. (b) More detailed circuit diagram
of Affine Transformer
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viewpoint n as shown in Fig. 10(b). The block
diagram and more detailed circuit diagram are shown
in Fig. 11, respectively, To compute Eq. (1) in the
Affine Transformer, the muiltiplier and adder are
used.

The proposed architecture is designed and
simulated by the Max+PlusIl design tool and the
operating frequency is 30MHz. The number of gates
used is approximately 27,000 which is the reasonable
size in VLSI implementation.

IV. Conclusions

The multi-view images decoder with the 3-stage
pipelined architecture is proposed. We designed the
proposed architecture and simulated with Max+Plus
O design tool. The ruwdti-view image decoder
consists of three modules called i) Node Selector
which generates the node value repeatedly, ii) Depth
Extractor which have the pipelined architecture of
Vertical Interpolator, Delta Extractor and Horizontal
Interpolator, and iii) Affine Transformer finding the
corresponding point on the generated image for the
computed value of the pixels. The corresponding
points on the decoded image are outputted every
clock and the image can be generated in a real time
by the decoder with the proposed architecture.
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