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A Model-Based Approach to Human Animation’
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Abstrect In this paper, siarting from point-point and line-line correspondence, a detailed description of the
caloulation of projection parameters for 2D video features and 31D model features correspondence is presented
firstly, Then a detailed descripiion of the calculaticn of projection parameters for 2D human video features and
3D human model features correspondence is given. At the same time, an animation example of human walking
is intraduced which is produced by an animation system called VideoZAnimation Studio. The system is
designed according to the above idea.

Key words  Human animstion, corresponderce hetween video features and todel features.

As we know., there are two cutegorics for the current computer vision systems: Depih Reconsirucrion
hasec Systems (DRS)-~*and Knowledge hased Systems (KS)'% 7, DRS extract image features (such as spatial
v.sion, motion, texture. ete. ) from the image, then form a 2. 5D sketch and match these features with 3D
nodel, In DRS, all the recognttion work was done in 3D space while it KS perceprional organization was em-
ployed to form 2D Perceptional Structure Groupings from imege features, then knowledge match procedure 1¢
used 1o get mapping paramerters with 3D madel.

We try to find a method for bridging the gap between 2D images and knowledge of 3D obijects without any
preliminary derivation of depth. A quantitative merhod is used to simultzneonsly derermine the best viewpeint
and abject parsmeter values for [litting the projection of 2 3D model to given 21D features. This method allows a
few initial hypothesized matches to be extended by making accurate quantitative predictions lor the locations of
those object features in the image. This provides a highly reliabie method for verifying the presence of a particu-
lar object, since it can make use of the spatial information in the image to the full degree of available resclutivn.
The final judgment as to the presence of the object can be based on only a subset of the predicted fcatures, since
the problem is usually greatly over-constrained due ta the large number of visual predictions from the model

compared with the number of {ree parameters.
1 Solving for Spatial Correspondence

Many areas of Al are aimed at the interpretation of data by finding consistent correspondences betwesn the
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data and prior knowledge of the domain. In our application, we need to define the consistency conditions for
judging correspoadence between image data and 3D knowledge. Unlike many other areas of Al, an important
component of this snowledge is guantitative spatial information that requires specific mathematical techniques
for achieving correspondence. The particular constraint that we wish to apply can be stated as follows:

The locations of all projected model features in an image must be consistent with the projection from a sin-
gle viewpoint,

The precise problem-we wish to solve is as follows: given a set of known correspondences between 3D
model poinis and ZD image points, what are the values of the unknown projection and model parameters that
will result in the projection of the given medel points into the corresponding image points.

The approach tzken in this paper is to linearize the projection equations and apply Newton’s method for the
necessary number of iterations.

1.1 Application of Newton’s method
In the field of CG we can describe the projection of a 3D model point p(x,v,z) into a 2D image point (u,

v) with the following equations .

(on’z):R(P"'I)s (1)
ooy ={ 22,2, &)

where ¢ is a 3D translation vector, R is the rotation matrix which transforms point p in the original model coor-
dinates into a point (x,y,z) in camera-centered coordinates. These are combined in the second equation with a
parameter f proportional to the camera focal length to perform perspective projeetion into an image point (u o).

Our task is ro solve for ¢+, R and possibly ', given a number of model peints and their corresponding loce-
tions in an image. I[n arder to apply Newton’s method, we must be able to calculate the partial derivatives of «
and v with respect to each of the unknown paramerers. However, it is difficult 1o calculate these partial deriva-
tives for this standard form of the projection equation.

The partial derivatives with respect to the translation parameters can be most easily calculated by first repa-
rameterizing the projection equations to express the translations in terms of the camera coordinate system rather

than model coordinates. This can he described by the following equations

(x.y:2)=Rp, (3
Sz Sy
(u,v)—\erDx!D,.erDﬁDy]. @

Here the variables R and / remain the same as in Egs. (1> and (27, but the vector z has been replaced by the pa-
rameters, D, D, and D.. The two transforms are equivalent when

3 D _ T

t:R*“[ D;(;—i— ,), Dy(;-l‘D,)' —DQ} )

In the new parameterization, D), and D, simply specify the location of the object on the image plane and D, speci-

(5)

fies the distance of the object from the camera. As will be shown below, this formulation makes the caleulation
of partial derivatives with respect to the translation parameters almost trivial.

We are still left with the problem of representing the rotation R in terms of its three underlying parameter-
s, The solution to this second problem is based on the realizarion that Newton’s method does not in fact reguire
an explicit representation of the individual parameters. Therefore. we have chasen to take the initial specifica-
tion of R as given and add to it incremental rotations ¢.. @,. and @ about the x.»,2 axes of the current camera
coordinate system.

Anocther advantage of using the ¢s as the convergence parameters is that the derivatives of z.y.z (and

therefore of « and ») with respect to them can be expressed in a strikingly simple form. For example, the
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derivative of = at a point with respect 10 a counterclockwise rotation of @ about the z axis is simply ~y. This
g P >

[ollows from the fact that (x,y.z)= (reosq@, rsing, z), where 7 is the distance of the poinc from the z axis,

qr . R L . .
and therefore @=—'ﬂsm§=¢=—y. Table 1 givea these derivatives for all combinations of variables.
Table 1 The partial derivatives of x.v,2 with respect to ¢., ¢ @&
E & z
@ 0 ~z v
-9 # 0 —_—
[ -y & 4

Using Eqs. {(3Y and (4}, it is now straighiforward to accomplish our original objective of calculating the
partial derivatives of « and v with :espect to each of the original camera parameters. For example, Eq. (4) tells

us that (substituting e= {2 4 374} 2, —fn—? Fefat = folz+ ex®), similarly, i; = - fry. All the other

derivatives can be calculated in a similar way. “Table 2 gives the derivatives of u and v with respect to each of the
seven pararaeters of cur camera model.
Table 2 The partial derivatives of « and v with respect to each of the camers viewpoint paramerers

% £ d
D, 1 il
o, Q 1
D, — Fetr - fety
@ - ety Folz fer®)
[ Frivdox?y Fetay
4] —~ fry Sex
£ x oy

Our task in each iteration of the multi-dimensional Newten convergence is he to solve for a veetor of correc-
tions: A= AL AD, AD Ae . An. 00 T the foral lenpth fis mnknown, then AF would also be added
t6 this veeror. {3iven the partial derivatives of w and v with respect to each variable parameter, the application of
Newton’s method is straightforward. For each puint in the mode!l whick should maseh some corresponding point
in the image, we first project the model point onto the image using the current parameter estimates and then
measure the crror in its position compared with the given image point. The w and v components of the error can

be used independently to create separare linearized constraings. Then we have
D &D +35 Z‘D +3f) AD, -%m Qso,+ Z_\'py%" &@, E.: {5}

= il = )
/_\,D + AD + /\D %%A%—me a’@/}.@ E.

Egr each peint corzrespondence we derive two eguations. From three point correspondences we can derive six e-

FAN A

quatiens end produce a complete linear system which can be solved for all sizx camera model corrections (A D,
ADADGL B D Hp),
D,=D+AD,, D=D+40D, D=D+AD,, (8)
g=atAn. =g +Ae, grat L
Then use Eqg. (8) to shrink by about one step of magnitade of vector (D, Dy Bhs @8 3) > and to more
than a few iterations would be nesded even [or high accuracy.
In nost applicativns of this method we will be given more than three correspondences berween model and
image. In this case the Gaussian ieast-sgquares method can easily be applied.
1.2 Use of line-to-line correspondences

In most applications , the feature correspondence between image and model was given in the form of fearure
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lines instead of feature points. In this circumstance, modifications should be made on the above method. We
should substitute the error on the right side of Eqs. {6} and (7) with the distance between projection line and
image line instead of that between projection point and image point. As the distance between unparallel lines is
not a fixed velue, so we use the distance from point to line to substitute the distance between lines, We repre-

sent line equation as follows: (substituting 2= ( v'm*+ 1371)

—kmut+bv=d, (%)
where d is the perpendicular distance from the origin point to the line, m is the slant of the line, so we have
ad ad
E——km, Bz—k. (10

Then we have é%g: —&m %+k %: — k.,

Similarly we have

ad ad ad 5 ¥

ﬁ—k' abiffkcz(xm* 3y E—fkc(m:ym ot —z), an

o, e .

o =fkelexy—mz—ema®) s === fhe(x+my) . where e=(z+D,)" L.

¥, Ho.

Now Eqgs. (6) and (7) can be represented as follows

ad 3d ad ad ad a .
§D:ADI+TQADy+TQAD,+§;€A§0x+@éﬁ+aéﬁ—bd. (12)

With Eqgs. (11) and (12), we can have
Jhelexym—cy* —z) A+ fhe lexy—me —oma®) A+ fee (x+my) Ae+ am
—km /DA RAD A [l (am— Y AD.=E,,
where E,is the perpendicular distance from the two endpoints of corresponding image line to the projection line.
As one line has two endpoints, so there are two equations similar 1o Eq. (13) for each line correspondence. With
three lines, we can have a complete linear system, and the solution is (AD,, ADy» Doy Ages Agys A ).
They we can adjust vector (D,.0,,D.,@.,¢,,a). With Newton’s method employed, the projection parameters

in the line-line correspondence condition are reached.
2 The Correspondence hetween Video Human Features and 3D Model Human Features

2.1 Projection parameters calculation for 3D human model
Firstly, we give the data structure of image point and 3D model point as follows ;
Point on image :
typedef struct IMAGE _PQINT {
float x;
float v;
} IMAGE_ POINT;
Point on modei :
typecef struct MODEL .. POINT ¢
float a3
float v;
float =;
} MODEL _POINT;
Now we can calculate projecticn parameters of a certain part in 3D human model. Suppose its cotresponding fea-

ture lines on the image are
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Li:(StartPt; s EndPt;), (i=1,2,3)
and their corresponding model lines are
U';:(StartPt;, EndPt';), (i=1,2,3).
Performing projection transformation on line £;(=1,2,3), we can get {"{ (i=1,2,3),
" . (StartPt;, EndPt")), i=(1,2,3),

where
fStartPt',. x SfStartPt';. y .
" p—
StartPt’; ( StartPt';.z+D, D. *StartPt',. z+ D, D“’) » U=1,2,3)
SfEndPt' . x FfEndPt',. y ) .
" -_—
EndPti—[EndPt’,-.z D,+D"EndPt',.z D(-%-Dy , (i=1,2,3).

EndPt";,, y—StartPt",. y
EndPt".. x—StartPt",. x

StartPt;(i=1,2,3) to line I",(i=1,2,3) is

di= m" StartPt,. x— StartPt,. y—m" Start Pt",, 2+ StartPt",. Y (i=1.2.3)

vm"i41
" D, = o D o D 41t 1"
d’.—‘-‘m EndPt;, x— EndPt,. y—m",StartPt";. x+ StartPt eY i=1.2.3).
With 4., d',(i=1,2,3) and Eq. (12), we can get one solution of vector (AD,, AD,, AD. Ao, D@ A@),

then we can adjust vector (D,,D,,D.,¢.+¢,,@) with Newton’s method until 4;and d';,(i=1,2,3) are less than a

, (i=1,2,3), then the distance from point

The slant for line ", (i =1,2,3) is m" =

certain threshold. Finally the projection parameters of 3D human model are reached.
2.2 Conversion from projection parameters to human motion model

When the calculation of projection parameters for every part of human model is finished, we need to convert
these parameters to fit the skeleton structure of human model, then spatial parameters of the vectors that corre-
spond to each part of the human model can be calculated. Thus the conversion from projection parameters to hu-
man motion model is completed.
2.3 The implementation of projection parameters controlled human motion

Based on the above idea, we have developed a video-based animation system called Video&Animati(}n Stu-
dio. Figures 1(a)(b) to 2(a)(b) show a human walking example implemented by Video®.Animation Studio. The
figures on the left side are video data and a set of skeleton features defined by us, while the figures on the right

side are the motion of the human model which is controlled by the sets of skeleton features in the video.

(a) (b)
Fig. 1
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(b)

Fig. 2

3 Conclusions

From the experimental result, we can see that the result of this method is satisfying. But there are four
points that should be noted:1. The choice of initial values for projection parameters is very important. Actually
we can get a set of more accurate initial values by using some interactive methods. 2. The choice of feature lines
in video is also very important. They should be the spline of video human. 3. As for the error in Newton’s
method, we’d like to regard the body as a whole. The error of a specific part of the body can be somehow unsat-
isfying, but the error of the whole body should be the minimum. 4. As for the processing of video, more de-

tailed description can be found in Ref. [8].
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