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The implementation of a new
television service (in this case
stereoscopic television or 3DTV)
requires research into four
fundamental areas pick-up
eguipment, transmission (including,
bandwidth reduction), display and
picture quality (1).

This paper focuses on algorithm
aspects for the definition of an
optimal coder well-suited to 3DTV. We
present a 3D approach linking 2D left
and right motion in order to define a
3D coding scheme based on motion
estimation-compensation. This 3D
scheme is more efficient than current
2D schemes because it allows for the
possibility of using a unique channel
for transmitting motion estimation-
compensation information instead of
two or three channels (2D left
motion, 2D right motion, and
eventually 2D disparity). A 23D
approach could then offer new
possibilities for increasing the
compression rate (by about a factor 2
for additional motion information) by
merging all 2D information in an
unique set of 3D information.

The proposed algorithm takes the
pick-up conditions used in 3DTV into
account and consists of two steps:
the first one is a dynamic monocular
analysis of one the two views and is
described in the next section. The
second one 1is a static binocular
analysis. Having performed steps 1
and 2, the analytical link between 3D
left and right parameters (structure
and motion) are establised. Some
improvements to this scheme are
envisaged, in the last section of
this paper, by merging the two stages
of this algorithm into a unigue stage
of dynamic binocular analysis.

PIRST STEP:DYNAMIC MONOCULAR ANALYSIS

The first step is a 3D dynamic
monocular analysis stage. This step
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could be conducted either in the left
or in the right sequence.

The movement of an object in the
scene, with respect to the camera,
expressed in a three-dimensiocnal
coordinates system, may be divided
into two components, an instantanecus
translation rate T(t,,t,,t,) and an
instantaneous rotation rate
Wlwy, Wy, Wy} .

Let pj be the picture element (camera
plane) associated with P (X;,Y;.%;),

with coordinates (X{,¥1) and
displacements (uji,vi).
Using known hypotheses (2), the

equations expressing the link between
the apparent motion in the image
plane and the real motion of the
object are:

uj = +Y.W- (l+(xi)2).wy + XYWy
+ (1 /7 2i) .ty - {xy / Zy).tg
(1)
Vi = -Xj.Wg + (l+(yi)2)-wx + XjYi.Wy

+ (1 /7 23) .ty (yy / Zi).tg

In the case of planar surfaces (3),
the depth Z; can be expressed as
a.Xi+b.Y{+c, where (Xj,Y;,2;) are the
coordinates in the 3-D space. By
projection in the image plane, 1 / Z;
can be expressed as

ky.xi+Ky.yitksz.
(2)

If we substitute 1 / 2; by its
expression into the basic equations
of 3D motion f{(eq.l), we can rewrite
the preceeding system 1inte two
systems. The displacement (uj,v;) is
given by,

u; = a) + az.xXj + az.yi
+ a7.%Xiyi + ag.xXi?

Vi = ag + ag.Xj + ag-.¥Yi
~
+ ag.Xjyj + a7.vi?




ajg = —Wy + kz 'tX

ay - ky.ty 4 -ka.tg

an = W + ky 'tif

with, L ag = Wy + ky.ty
ag = ~Wy + ky .ty

ag = ky oty +  -ky.tg

a; = W to-ky ety

“ag = Wyt -ky .t

(4)

The algorithm jointly performs the
segmentation of the images into a set
of arbitrary shaped areas which are
supposed to correspond to a planar
facet model, and the estimation of
associated parameters. This stage is
described in (4). It 1is well-known

that at the end of this step, there
remains an unknown scale factor
between the structure (depth) and

translation (amplitude). So, only the
following parameters may be computed
at this stage,

ty = koot
t'y kz.ty
t'z = kz.tz
k', = ke / kg
ky = ky / ks

(5)
SECOND STEP:STATIC BINOCULAR ANALYSIS

The pick-up conditions in the context
of 3DTV are the following (5): The
system 1is composed of two wvideo
cameras. The left and the right video
cameras are separated by an angle o
(convergence angle) and by an
horizontal shift B (baseline). The
internal parameters of the video
cameras are assumed known. Relative
calibration defined by the 3D
rotation and the translation matrices
Weteree and TEEErEC (to get from one
video camera to the other one) 1is

given by:
1 0 -o B
wstereo = 0 1 0 and Tefer=o — 0
a 0 1 0
(6)

Due to the different locations of
video camera (6), the apparent 2D
motion of P is not the same in the
left image plane (i.e motion of pleft)
and in the right image plane (i.e
motion of Pright) ., Por this reason,
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classical coding schemes for
stereoscopic seguences based on 2D
motion estimation-compensation are
obliged to use two independent
channels: one for the left view and
one other for the right view.

In this second step, left and right
sequences are matched according
structure criteria. The matching
stage is realized by using a prunning
tree approach (7). This step yields
the left and right areas associated
to the same physical object, as well
as the unknown depth factor k;
mentioned above.

Disparity can be considered as an
optical flow resulting from moving
one camera from one position to the
other. As soon as the relative
calibration is known and the planar
facet model for Z is maintained as
for monocular analysis, disparity can
be described by a simplified
quadratic model. Letting dy(xi,y;) and

d,(x;,yy) be the disparity wvalues of
pixel (xi,y;) between the left and
right views measured in the

coordinates system attached to one
the two views, we have that

dy(xi,yi)= a+b.xj+c.yj+d.x;?
dy(xi/Yi) - d.xivi

(7)

where (a,b,c,d) are expressed in
terms of the relative calibration
parameters (convergence angle O and
baseline B) and structure (ky. ky, kz)
as follows

D0 TR
|
=
5
o

or, equally with:

= k;.B - «
ks.(ky/kz).B
= k,. (k,/k;}.B
-0

AN o
i

(2)

For each region determined by the
dynamic monocular analysis of the
right view (we assume here that this
view has been chosen as the reference
view), we calculate the vector
P(a,b,c,d) using a differential
method which minimizes the guadratic




prediction error by compensation of
disparities from the right view
towards the left wview. This is done
in a similar way to the
identification of the parametric
vector Af(a;,..,ag) 1in the previous
part. If o and B are known from the
calibration stage, and if (k'x,k'y)
were calculated 1in the monocular
dynamic analysis stage, the
estimation of the model parameters of
disparity (a, b, ¢, d) yields the

depth k., by the following
expression,
ke = {{a + @) / B

+ ng.( [b / k', .B]

+ yg?.{ [c / k'y.B]}

I UL+ %2+ v#))

(10)

where (Xg,Yy) is the centre of

gravity of the region studied. The
system (eq.9) is weighted in this way
in order to take into account the
term degree in which each element of
the disparity vector P in {eq.7) is
found and the removal of the =zone
considered at the image centre.

At the end of this second stage, we
have completely determined the 3D
apparent motion and structure
parameters. These parameters after
projection in image planes could be
used for motion compensation for
either sequence by using analytical
link between 3D left and right motion
and structure parameters.

ANALYTICAL LINK BETWEEN 3D LEFT AND
RIGHT PARAMETERS

With an absolute coordinate system,
for any point P, belonging to a facet
of the scene animated by a movement
(W, T), and accompanying a new
position P' in the following instant,
we have the relationship

(11)
1 Wz Wy
with W = | -wz 1 Wy
Wy Wy 1
tX
and T = | ty
t-

Measured in the cocordinate system
attached to the left wvideo camera,
(eg.1l1l) rewritten

prlefr _ wleft pleft plefe,
(12)
1 wyl  -wyd
with Wl = | -w;1 1 Wiyl
wyl  -wyd 1
tyd
and T! = | tyl
t,!
Measured in the coordinate system

attached to the right video camera,
equation (eq.ll) rewritten

prright . wright pright Tright’
(13)
1 Wzt mw T
with W: = ~Wo T 1 Wyl
wyf et 1
e
and TY = tyr
€T
Moreover, with instants t and t':
PY = we.pl 4+ ¢
(14)
and
P'f = wes.p'l 4 oS
(15)

We assume here that the extrinsic
calibration parameters remain
unchanged between the times t and t'
(i.e. : W = WS et T'S = T5),
equation (eq. 15) rewritten

P'r o= we.p'd o4 T
(16)

From the relationships 12, 14 and 16,
we can therefore establish the
following relationship

WS.P'l o+ T = BY
= WI.pf + TY
= W(WELPL 4 TF) 4 TF
that is to say.,
Pl o= wis wro(we.pl 4 TS) 4+ T - T

(17)
with equation (eqg. 12), we obtain

wi.pl 4+ 71 = (W-18% wr.we) pl
+W-18 [ (WF - Id;).T® + TT]
{18)




Rotation components.
we can deduce that
components verify,

From
the

(eg. 18),
rotation

Wl = W-18, W e,

that is to say :

wy ! Wyl
wyl | = (1-02) .w,*
wyl 0. Wyl + w,T

(19)

Translation components. Those of the
translation verify the relationship

Tl = W-18 Wr T8 4 W-18 or _ y-15 s,

that is to say :

tyd txT + a. [t + B.w,T]
tyl 1= tyr = B.wg?¥
t,l tzf + Bowy? - a.t,r

(20)

Structure components. In a way
similar to that carried out for the

motion, we can establish from the
expressions:
1/ 28 = k1 + kyloyl + k,l.x!
1/ 28 = k¥ + KTyl + k,r.x*
(21)
the following relationships :
ky1 (o.k,¥ + kyf) / (1 - B.k,r)
kyl | = kyT / {1 - B.k,I)
k.1 (kT ~ a.kefy / (1 - B.k,r)
(22)
These relations between left and

right structure components have been
establised as follow

From
1/ 2% = kT + kyP.y? + kyr.x?,
X = %! - a.2! + B

Yr = yl
2T = a.x1 + 7l
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we can write :

1/2% = kgt + kyZ. [(¥Y! 7 29)]
+ ky? [(X1 7 2T) - a.(z2l / 27) + B/ZY]

That is to say, multiplying by %7,
1 = Z¥.k,r

+ kyr. (YD)

+ ke (XD - a.z! + B)

By substituting Z7 by (a.X? + 21), we
obtain :
1 = k,r.(a.x! 4+ 28y

+ kyr (YD) 4 ker (%1 - 0.2l + B)

By making the term 1 / Z! appear,
1/ 21 = kzr.(a.xl + 1) + kyr.(y]) +
kxf.(x! - a + B 7/ 21)

that is to say,

1 /7 21 (1 - kyr.B) = k,r.(a.x! + 1)
+ Ryt (yD) + koo (xd - o)

By factoring by x! and y!
1721 (1 - ke B) = (Koo - a.kyl)
+ (kyT) oyl + (o kpt + ko) .xl
By identifying the preceeding
expression with 1 / 2! = kI + k,1.y!

+ k,1.x1, we obtain the relationship
(22) .

CONCLUSION AND PERSPECTIVES
CONCLUSION

From these developments, a complete

coding-decoding algorithm can be
designed as:

coding stage.

1. Computing by dynamic monocular
analysis right 3D parameters (t',7,

tlyl” tlzr’ klx[’
segmentation.

2. Computing by static binocular
analysis for each area of the right
view: k;” and then (t,f, ty¥, tz%, ki,
ket k1),

k'yf) and associated




transmission.

Intrinsic parameters (o and B),
spatial description and location with
associated parameters of structure
and motjon for each area of the right
view must be transmitted. Morover,
the result of spatial matching
between left and right views must be
done in order to know, during the
decoding stage, to which area in the
other view corresponds a given area.

Decoding stage.
For each right area,
motion (i.e. (ap?f, ag’)
area, from (eq.4), and then (uf,v?)
for each pixel, from (eq.l)) from 3D
parameters for excuting the motion
compensation procedure for this view.
For the homologous area of the left

2D
for each

compute

view, compute with eqg. (19), (20} and
(22) 3D parameters, then 2D 1left
parameters.

Results.

Preliminary results obtained using
this algorithm allow for the
computation of the left optical flow
from the right optical flow and
calibration parameters. The obtained
left optical flow is very clase to

the original left optical flow (i.e.
directly computed on - the view
itself).

FUTURE WORK

Future work is oriented toward

cooperation between stages 1 and 2 of
the algorithm, in order to
simultanously realize both dynamic
monocular analysis and static
binocular analysis in a unique stage
of dynamic binocular analysis (8, 9).
This could be improve the quality and
coherency of the segmentation left
and right, using a symmetric matching
between the two views.

Another point concerns modeling for
object structure representation. A
more complete model than planar facet
such as curved facet (10) could be
used in order to reduce the number of
areas identified during the
segmentation stage.

)
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